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Original Article

Objectives: Changes in air temperature and its relation to ambulance transports due to heat stroke in all 47 prefectures, in Japan were 

evaluated.

Methods: Data on air temperature were obtained from the Japanese Meteorological Agency. Data on ambulance transports due to 

heat stroke was directly obtained from the Fire and Disaster Management Agency, Japan. We also used the number of deaths due to 

heat stroke from the Ministry of Health, Labour and Welfare, Japan, and population data from the Ministry of Internal Affairs and Com-

munications. Chronological changes in parameters of air temperature were analyzed. In addition, the relation between air tempera-

ture and ambulance transports due to heat stroke in August 2010 was also evaluated by using an ecological study.

Results: Positive and significant changes in the parameters of air temperature that is, the mean air temperature, mean of the highest 

air temperature, and mean of the lowest air temperature were noted in all 47 prefectures. In addition, changes in air temperature were 

accelerated when adjusted for observation years. Ambulance transports due to heat stroke was significantly correlated with air tem-

perature in the ecological study. The highest air temperature was significantly linked to ambulance transports due to heat stroke, es-

pecially in elderly subjects.

Conclusions: Global warming was demonstrated in all 47 prefectures in Japan. In addition, the higher air temperature was closely as-

sociated with higher ambulance transports due to heat stroke in Japan.
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the world [1]. For example, we have previously reported that 
positive changes in air temperature were noted in some Japa-
nese cities such as Takamatsu [2] and Okayama [3]. We have 
also previously shown that the estimated change in mean air 
temperature was 1.8°C for 50 years in the Takamatsu area of 
Kagawa prefecture, Japan [2]. However, we were not able to 
show the presence of the global warming at Showa base in 
Antarctica [4] or Hachijo Island [3]. Therefore, accurate evalua-
tion of changes in air temperature is urgently required in vari-
ous sites in Japan.

In addition, using monthly data on total ambulance trans-
ports, higher air temperature was closely associated with high-
er total ambulance transports in the Okayama [5] and Taka-
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INTRODUCTION

Global warming and its relation to heat stroke have become 
a public health challenge in Japan as well as in many parts of 
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matsu [6] areas of Japan. However, whether an increase in air 
temperature has been noted in various other sites in Japan, 
and what effects this would have on ambulance transports 
due to heat stroke remain to be investigated.

In this study, we explored the chronological changes in air 
temperature in all 47 prefectures in Japan, and the relation-
ship between air temperature and ambulance transports due 
to heat stroke in August 2010, by using ecological analysis.

METHODS

Meteorological Parameters 
Annual meteorological parameters for all 47 prefectures of 

Japan for the required period were obtained from the Japa-
nese Meteorological Agency. The observation spots (the city 
of the prefectural government) were centrally located. Howev-
er, Hikone in Shiga prefecture and Shimonoseki in Yamaguchi 
prefecture were used for this analysis because these spots were 
thought to be traditionally central cities and long-term obser-
vation data could be obtained. Annual meteorological param-
eters, that is, mean air temperature (°C), the mean of the high-
est air temperature (°C), the mean of the lowest air tempera-
ture (°C), the highest air temperature (°C) and the lowest air 
temperature (°C) were used for analysis [7]. 

Ambulance Data 
Daily incidence data of ambulance transports due to heat 

stroke was obtained from the Fire and Disaster Management 
Agency in August 2010 for the 47 prefectures of Japan [8]. In 
addition, we also obtained data on deaths due to heat stroke 
and data on the population in all 47 prefectures in 2010 from 
Japan’s Ministry of Health, Labour and Welfare of Japan [9] and 
Ministry of Internal Affairs and Communications [10]. The num-
ber of ambulance transports due to heat stroke (per thousand 
people and per total ambulance transports [%]) was used for 
analysis.

Statistical Analysis 
A simple correlation analysis was used to test the signifi-

cance of the linear relationship among continuous variables: 
p<0.05 was considered to be statistically significant. From a 
simple regression line, we estimated the changes in air tem-
peratures.

RESULTS

Changes in air temperature, that is, the mean air tempera-
ture, the highest air temperature and the lowest air tempera-
ture in all 47 prefectures in Japan are summarized in Tables 
1-3. The mean air temperature (Table 1) was positively and 
significantly correlated with years in all 47 prefectures. From 
the regression line, a positive change in mean air temperature 
was the highest (1.29°C for 30 years) in Chiba prefecture, which 
is located next to the Tokyo metropolitan area. The mean of 
the highest air temperature and mean of the lowest air tem-
perature were also positively and significantly correlated with 
years in all 47 prefectures in Japan, and the estimated changes 
in parameters were also the highest in Chiba prefecture, Japan 
(data not shown). 

There were differences by observation year in the prefec-
tures. Therefore, we adjusted for observation years and com-
pared the changes in mean air temperature in all 47 prefec-
tures (Table 2). For 33 years, positive and significant changes 
in mean air temperature were noted in all 47 prefectures. Esti-
mated positive changes in mean air temperature in Table 2 
were higher than those in Table 1 in each prefecture, suggest-
ing that changes in mean air temperature seem to have accel-
erated in all 47 Japanese prefectures. In addition, clear differ-
ences in the changes in mean air temperatures between met-
ropolitan areas such as Tokyo (1.13°C) and Osaka (1.10°C) and 
other areas of Japan were not observed (Table 2). 

We investigated the link between ambulance transports 
due to heat stroke and air temperature (Table 3). Clinical pro-
files of the 47 Japanese prefectures are summarized in Table 3. 
The number of ambulance transports due to heat stroke was 
605.3±509.9 subjects and 0.25±0.06 per thousand people, 
(0.28 75th percentile) in all of the 47 prefectures in Japanese 
prefectures taken together. Ambulance transports due to heat 
stroke of those over 65 (per thousand people over 65) in met-
ropolitan areas such as Tokyo(0.35) and Osaka (0.48) were not 
characteristic compared with other areas. The mean air tem-
perature was 28.9±1.2°C (24.8 - 30.5). 

We investigated the relationship between ambulance trans-
ports due to heat stroke and various parameters of air temper-
ature (Table 4). Ambulance transports due to heat stroke were 
significantly and positively correlated with mean air tempera-
tures, the mean of the highest air temperatures and the high-
est air temperatures in August 2010 in Japan in all of the sub-
jects taken together. The correlation coefficient between am-



311

Air Temperature and Heat Stroke

Table 1. Changes in mean air temperature in all 47 prefectures in Japan

Prefecture No. of years Year of observasion r-value p-value Regression line Changes in air tempera-
ture for 30 y (°C)

Hokkaido 125 1886-2010 0.822 <0.001 y=0.021x - 34.065 0.64 
Aomori 125 1886-2010 0.585 <0.001 y=0.012x -13.278 0.35 
Iwate 87 1924-2010 0.635 <0.001 y=0.016x - 20.900 0.47 
Miyagi 84 1927-2010 0.731 <0.001 y=0.023x - 32.706 0.68 
Akita 125 1886-2010 0.720 <0.001 y=0.014x - 16.962 0.43 
Yamagata 121 1890-2010 0.636 <0.001 y=0.012x - 12.376 0.36 
Fukushima 121 1890-2010 0.704 <0.001 y=0.014x - 14.608 0.41 
Ibaragi 114 1897-2010 0.618 <0.001 y=0.012x - 10.600 0.36 
Tochigi 120 1891-2010 0.743 <0.001 y=0.017x - 20.064 0.51 
Gunma 114 1897-2010 0.802 <0.001 y=0.018x - 22.406 0.55 
Saitama 33 1978-2010 0.584 0.001 y=0.039x - 63.029 1.17 
Chiba 44 1967-2010 0.726 <0.001 y=0.043x - 69.902 1.29 
Tokyo 135 1876-2010 0.889 <0.001 y=0.025x - 33.180 0.74 
Kanagawa 113 1897-2010 0.768 <0.001 y=0.018x - 19.717 0.53 
Niigata 125 1886-2010 0.675 <0.001 y=0.013x - 11.684 0.38 
Toyama 72 1939-2010 0.658 <0.001 y=0.021x - 28.693 0.64 
Ishikawa 125 1886-2010 0.749 <0.001 y=0.016x - 16.438 0.47 
Fukui 113 1897-2010 0.694 <0.001 y=0.013x - 11.521 0.39 
Yamanashi 115 1895-2010 0.723 <0.001 y=0.015x - 15.659 0.45 
Nagano 122 1889-2010 0.609 <0.001 y=0.011x - 10.391 0.33 
Gifu 128 1883-2010 0.765 <0.001 y=0.017x - 17.926 0.50 
Shizuoka 71 1940-2010 0.748 <0.001 y=0.022x - 28.195 0.67 
Aichi 120 1891-2010 0.685 <0.001 y=0.015x - 14.698 0.45 
Mie 121 1890-2010 0.731 <0.001 y=0.015x - 14.977 0.46 
Shiga 117 1894-2010 0.666 <0.001 y=0.012x - 9.957 0.37 
Kyoto 130 1881-2010 0.872 <0.001 y=0.023x - 29.178 0.68 
Osaka 128 1883-2010 0.846 <0.001 y=0.020x - 23.702 0.61 
Hyogo 113 1897-2010 0.725 <0.001 y=0.016x - 15.804 0.48 
Nara 57 1954-2010 0.606 <0.001 y=0.020x - 24.685 0.60 
Wakayama 131 1880-2010 0.761 <0.001 y=0.014x - 12.108 0.43 
Tottori 68 1943-2010 0.602 <0.001 y=0.018x - 21.985 0.55 
Shimane 70 1941-2010 0.591 <0.001 y=0.018x - 20.144 0.53 
Okayama 119 1891-2010 0.661 <0.001 y=0.016x - 15.564 0.47 
Hiroshima 132 1879-2010 0.654 <0.001 y=0.014x - 11.259 0.41 
Yamaguchi 128 1883-2010 0.756 <0.001 y=0.016x - 15.498 0.48 
Tokushima 119 1892-2010 0.699 <0.001 y=0.014x - 11.377 0.42 
Kagawa 69 1942-2010 0.844 <0.001 y=0.036x - 56.538 1.09 
Ehime 121 1890-2010 0.806 <0.001 y=0.018x - 18.734 0.53 
Kochi 125 1886-2010 0.724 <0.001 y=0.015x - 12.159 0.44 
Fukuoka 121 1890-2010 0.861 <0.001 y=0.023x - 29.271 0.69 
Saga 120 1891-2010 0.704 <0.001 y=0.013x - 9.421 0.39 
Nagasaki 131 1879-2010 0.726 <0.001 y=0.015x - 13.399 0.46 
Kumamoto 120 1891-2010 0.741 <0.001 y=0.016x - 15.531 0.48 
Oita 123 1888-2010 0.684 <0.001 y=0.014x - 11.839 0.42 
Miyazaki 125 1886-2010 0.599 <0.001 y=0.010x - 1.865 0.29 
Kagoshima 124 1886-2010 0.748 <0.001 y=0.018x - 17.890 0.54 
Okinawa 113 1891-2010 0.680 <0.001 y=0.011x + 1.291 0.32 
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Table 2. Changes in mean air temperature in all 47 prefecture adjusting for observation period

Prefecture No. of years Year of observasion r-value p-value Regression line Changes in air tempera-
ture for 30 y (°C)

Hokkaido 33 1978-2010 0.634 <0.001 y=0.041x - 73.197 1.23 
Aomori 33 1978-2010 0.543 0.001 y=0.036x - 62.255 1.09 
Iwate 33 1978-2010 0.497 0.003 y=0.029x - 48.499 0.88 
Miyagi 33 1978-2010 0.517 0.002 y=0.036x - 58.949 1.07 
Akita 33 1978-2010 0.654 <0.001 y=0.039x - 66.162 1.17 
Yamagata 33 1978-2010 0.560 0.001 y=0.037x - 63.008 1.12 
Fukushima 33 1978-2010 0.520 0.002 y=0.035x - 57.395 1.06 
Ibaragi 33 1978-2010 0.507 0.003 y=0.036x - 57.867 1.08 
Tochigi 33 1978-2010 0.679 <0.001 y=0.051x - 88.057 1.53 
Gunma 33 1978-2010 0.617 0.001 y=0.042x - 69.217 1.26 
Saitama 33 1978-2010 0.584 0.001 y=0.039x - 63.029 1.17 
Chiba 33 1978-2010 0.653 <0.001 y=0.050x - 84.264 1.50 
Tokyo 33 1978-2010 0.570 0.002 y=0.038x - 58.590 1.13 
Kanagawa 33 1978-2010 0.634 <0.001 y=0.042x - 67.206 1.25 
Niigata 33 1978-2010 0.574 0.001 y=0.035x - 55.550 1.44 
Toyama 33 1978-2010 0.662 <0.001 y=0.048x - 82.010 1.04 
Ishikawa 33 1978-2010 0.608 0.001 y=0.039x - 63.501 1.18 
Fukui 33 1978-2010 0.459 0.007 y=0.026x - 37.928 0.79 
Yamanashi 33 1978-2010 0.714 <0.001 y=0.047x - 78.884 1.41 
Nagano 33 1978-2010 0.521 0.002 y=0.032x - 52.600 0.97 
Gifu 33 1978-2010 0.601 0.001 y=0.038x - 60.162 1.14 
Shizuoka 33 1978-2010 0.589 0.001 y=0.033x - 48.905 0.98 
Aichi 33 1978-2010 0.652 <0.001 y=0.044x - 72.713 1.33 
Mie 33 1978-2010 0.713 <0.001 y=0.053x - 89.925 1.59 
Shiga 33 1978-2010 0.561 0.001 y=0.035x - 54.846 1.05 
Kyoto 33 1978-2010 0.577 0.001 y=0.036x - 56.209 1.08 
Osaka 33 1978-2010 0.607 0.001 y=0.037x - 56.000 1.10 
Hyogo 33 1978-2010 0.796 <0.001 y=0.066x - 114.662 1.97 
Nara 33 1978-2010 0.544 0.001 y=0.030x - 44.244 0.89 
Wakayama 33 1978-2010 0.613 0.001 y=0.037x - 57.899 1.12 
Tottori 33 1978-2010 0.555 0.001 y=0.033x - 51.578 1.00 
Shimane 33 1978-2010 0.625 0.001 y=0.039x - 63.683 1.18 
Okayama 33 1978-2010 0.755 <0.001 y=0.060x - 104.230 1.81 
Hiroshima 33 1978-2010 0.711 <0.001 y=0.059x - 102.412 1.78 
Yamaguchi 33 1978-2010 0.723 <0.001 y=0.044x - 71.246 1.32 
Tokushima 33 1978-2010 0.662 <0.001 y=0.040x - 62.992 1.20 
Kagawa 33 1978-2010 0.774 <0.001 y=0.059x - 101.276 1.77 
Ehime 33 1978-2010 0.711 <0.001 y=0.044x - 70.838 1.31 
Kochi 33 1978-2010 0.757 <0.001 y=0.049x - 81.264 1.48 
Fukuoka 33 1978-2010 0.692 <0.001 y=0.043x - 68.326 1.28 
Saga 33 1978-2010 0.624 0.001 y=0.035x - 52.625 1.04 
Nagasaki 33 1978-2010 0.626 <0.001 y=0.034x - 50.299 1.01 
Kumamoto 33 1978-2010 0.743 <0.001 y=0.050x - 82.215 1.49 
Oita 33 1978-2010 0.763 <0.001 y=0.051x - 85.339 1.53 
Miyazaki 33 1978-2010 0.591 0.001 y=0.031x - 45.194 0.94 
Kagoshima 33 1978-2010 0.795 <0.001 y=0.051x - 82.769 1.52 
Okinawa 33 1978-2010 0.733 <0.001 y=0.037x - 51.590 1.12 
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Table 4. Simple correlation analysis between heat stroke and air temperature in all 47 prefectures in August, 2010, Japan

Ambulance transports 
due to heat stroke  

(per thousand people)

Ambulance transports 
due to heat stroke over 

65 (per thousand  
people over 65)

Ambulance transports 
due to heat stroke under 
65 (per thousand people 

under 65)

Death due to  
heat stroke (per  

thousand people)

r-value p-value r-value p-value r-value p-value r-value p-value

Mean air temperature (°C) 0.318 0.029 0.252 0.088 0.430 0.003 0.206 0.165 

Mean of the highest air temperature (°C) 0.417 0.004 0.416 0.004 0.425 0.003 0.252 0.087 

Mean of the lowest air temperature (°C) 0.139 0.352 0.039 0.794 0.310 0.034 0.051 0.732 

The highest air temperature (°C) 0.359 0.013 0.477 0.001 0.235 0.111 0.417 0.004 

The lowest air temperature (°C) 0.125 0.402 0.040 0.790 0.273 0.063 0.048 0.751 

Table 3. Profiles of ambulance transports and air temperature in all 47 prefectures in August 2010, Japan

Mean±SD Minimum Maximum

Population (ten thousand people) 270.3±260.4 59.5 1261.0 

Population (60≤) (ten thousand people) 61.3±52.6 15.3 257.1

Ambulance transports due to heat stroke (subjects) 605.3±509.9 155 2136

Ambulance transports due to heat stroke (per thousand people) 0.25±0.06 0.09 0.37

Ambublance transports due to heat stroke over 65 (per thousand people over 65) 0.48±0.12 0.19 0.73

Ambulance transports due to heat stroke under 65 (per thousand people under 65) 0.17±0.04 0.07 0.26

Percent of ambulance transports due to heat stroke over 65 (per total abmulance transports due to heat stroke) 47.7±6.5 29.1 62.1

Death due to heat stroke (per thousand people) 0.01±0.01 0.003 0.03

Mean air temperature (°C) 28.9±1.2 24.8 30.5

Mean of the highest air temperature (°C) 33.5±1.4 29.1 35.5

Mean of the lowest air temperature (°C) 25.5±1.4 21.3 27.4

The highest air temperature (°C) 36.3±1.1 32.9 38.4

The lowest air temperature (°C) 23.1±1.9 16.9 25.5
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Figure 1. Simple correlation analysis between ambulance 
transports due to heat stroke and the mean of the highest air 
temperature in August 2010, in all 47 prefectures of Japan.

bulance transports due to heat stroke (per thousand persons) 
and the mean of the highest air temperatures was the highest 
among parameters (r=0.417, p=0.004) (Figure 1).

Finally, we further separately analyzed transports of subjects 
classified into age groups. For those 65 and over, ambulance 
transports due to heat stroke was significantly correlated with 
the highest air temperature (r=0.477) and the mean of the 
highest air temperature (r=0.416). However, for those under 
65, ambulance transports due to heat stroke was correlated 
with the mean air temperature (r=0.430), mean of the highest 
air temperature (r=0.425), and mean of the lowest air temper-
ature (r=0.310). Death due to heat stroke was correlated with 
the highest air temperature (r=0.417) in this analysis (Table 4).

DISCUSSION

In this study, we explored the changes in air temperature in 
all 47 Japanese prefectures and positive and significant chang-
es in air temperature were noted and found to be accelerating. 

In addition, using an ecological study, it was found that higher 
ambulance transports due to heat stroke were closely linked 
to higher air temperature in all of the 47 prefectures combined.
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Average temperatures are predicted to increase between 
1.4°C and 5.8°C by the end of this century in the world [11]. On 
local and regional measurements, changes in land cover can 
sometimes exacerbate the effect of greenhouse-gas-induced 
warming, or even exert the largest impact on climatic condi-
tions. Most cities are affected by a large heat island effect, reg-
istering 5°C to 11°C warmer than the surrounding rural areas 
[12]. We could not find a positive change in air temperature at 
Showa base in Antarctica [4] or Hachijo Island [3] in our previ-
ous reports. However, in this study, we observed positive and 
significant changes in air temperature in all of the 47 prefec-
tures of Japan. In addition, the increases in air temperature 
seemed to be accelerating. 

In some studies, a relationship between higher air tempera-
ture and heat stroke was reported. Qiu et al. [13] showed that 
an unusually hot days in 1999 was followed by a high mortali-
ty rate in Hokkaido, Japan. Nakai et al. [14] also reported that 
heat-related deaths in Japan from 1968 through 1994 and 
heat-related deaths were most prone to occur on days with a 
peak daily temperature over 38°C. Bai et al. [15] also reported 
that the number of subjects with unusual deaths in the sum-
mer of 1994 in Osaka of Japan was greater compared to those 
of previous years. We also explored, by ecological study, the 
link between high air temperatures and ambulance transports 
due to heat stroke in all subjects using data for August 2009 in 
Japan [16]. In this study, by an ecological study, we also found 
that the correlation coefficient between the mean of the high-
est air temperature and ambulance transports due to heat 
stroke in all 47 prefectures in August, 2010 was the highest. 
Our results in this study were almost the same as those of our 
previous reports [5,6,16] and the higher air temperature was 
critically involved in higher ambulance transports due to heat 
stroke. Accordingly, we found that a 1°C increase in mean air 
temperatures in Japan corresponded to a 0.018 times per 
thousand persons increase in ambulance transports due to 
heat stroke in Japan. In addition, the correlation coefficient be-
tween the highest air temperature and ambulance transports 
due to heat stroke was the highest those 65 and over. Howev-
er, under 65, the correlation coefficient between mean air 
temperature and ambulance transports due to heat stroke was 
the highest. Taken together, unexpectedly high air tempera-
tures may be particularly difficult for the elderly.

Potential limitations still remain in this study. First, we used 
an ecological study. The link between ambulance transports 
due to heat stroke and air temperatures, which was noted in 

this study, may not apply for the link among individuals. We 
have also analyzed the link between ambulance transports 
due to heat stroke and air temperature in August 2009, Japan. 
However, the correlation coefficient between ambulance trans-
ports due to heat stroke and air temperature was higher in 
previous reports than that in this study by using data of 2010 
[16]. Unexpectedly hot days in August 2010, and other social 
factors (information bias) may affect the results in this study. 
Second, detailed daily and individual (i.e., age and sex) data of 
ambulance transports due to heat stroke could not be obtained 
and analyzed in this study. Therefore, we could not evaluate 
the link between ambulance transports due to heat stroke and 
high air temperatures as accurately as we wished. Further on-
going studies are urgently required to prove such a link.
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