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ABSTRACT

To investigate the link between low air temperature
and ambulance transports in Japan. Data on climate
parameters i.e. air temperature, humidity and day-
light hours in Sakata area, Yamagata prefecture, Ja-
pan, which is northern part (Tohoku) in Japan, was
obtained from Japan Meteorological Agency. Month-
ly data on ambulance transports due to acute disease
from 2005 to 2011 was also directly obtained from
Sakata area official website, Japan. The relations be-
tween air temperature and ambulance transports were
evaluated by ecological study. Ambulance transports
per day were 10.1 + 1.0 and mean air temperature was
13.0 = 8.4 ("C). Ambulance transports per day were
weakly and negatively correlated with mean air tem-
perature, mean of the highest air temperature, mean
of the lowest air temperature, the highest air tempe-
rature and daylight hours. It was also weakly and po-
sitively correlated with mean humidity. However, the
relation between ambulance transports and mean air
temperature was well estimated by quadratic curve (r
= 0.633, p < 0.0001). Lower air temperature was
closely associated with higher ambulance transports,
as well as higher air temperature was associated with
higher ambulance transports in Sakata area, Japan.
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1. INTRODUCTION

Global warming and its related health problems are well
known and have become public health challenge in the
world. We have previously proved that global warming
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was demonstrated in all 47 prefectures of Japan. In addi-
tion, higher air temperature was closely associated with
higher ambulance transports due to heat stroke in Japan
by ecological study [1]. By using daily data, higher air
temperature was also closely associated with higher am-
bulance transports due to heat stroke in Japan [2].

In turn, there are some reports of the link between
lower air temperature and higher prevalence of cardio-
vascular disease [3,4]. In addition, several authors have
reported either a U-shaped, V-shaped or J-shaped rela-
tionship to describe the effect of air temperature on mor-
tality [5-8]. However, what effects a decrease in air tem-
perature would have on ambulance transports still remains
to be investigated in Japan.

In this study, we explored the relationship between
ambulance transports due to acute disease and climate
parameters i.e. air temperature, humidity and daylight
hours in Sakata area, Yamagata, prefecture, Japan, which
located in northern part (Tohoku) of Japan by ecological
study.

2. METHODS
2.1. Study Area

Sakata city is located in Yamagata prefecture, Japan. The
city has an estimated population of 110,000 and the po-
pulation density of 180 persons per km’. Sakata has a
humid subtropical climate with very warm summers and
cool winters. Precipitation is plentiful thought the year,
although the months from February to June have some-
what less rainfall [9,10].

2.2. Ambulance Transports

Monthly incidence data of ambulance transports due to
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acute disease from 2005 to 2011 in Sakata area, Yama-
gata prefecture, Japan was obtained from Sakata Area
Fire Department Service [11]. The number of ambulance
transports due to acute disease per day was used for ana-
lysis.

2.3. Meteorological Parameters

Monthly meteorological parameters in Sakata area, Ya-
magata prefecture, Japan for required period were ob-
tained from Japan Meteorological Agency [12]. The ob-
servation spot (the city of the prefectural government)
was centrally located. Monthly meteorological parame-
ters, that is, mean air temperature (°C), mean of the high-
est temperature (°C), mean of the lowest air temperature
(°C), the highest air temperature (°C), the lowest air tem-
perature (°C), mean humidity (%), the lowest humidity
(%) and daylight hours (hours per month) were used for
analysis.

2.4. Statistical Analysis

Data was expressed as mean + standard deviation (SD).
A simple correlation analysis was used to test the signi-
ficance of the linear relationship among continuous va-
riables: p < 0.05 was considered to be statistical signifi-
cant. In addition, quadratic curve was applied to the link
between ambulance transports and climate parameters.

3. RESULTS

Data of climate parameters and ambulance transports due
to acute disease from 2005 to 2011 in Sakata area, Ya-
magata prefecture, Japan was summarized in Table 1.
Mean air temperature was 13.0 = 8.4 (0.1 - 27.9) (°C)
and ambulance transports per day due to acute disease
was 10.1 £1.0 (7.2 - 12.5), respectively.

The relationship between ambulance transports per
day and climate parameters were evaluated by simple
correlation analysis (Table 2). Ambulance transports per
day was significantly and weakly correlated with mean
air temperature, mean of the highest air temperature,
mean of the lowest air temperature, the highest air tem-
perature and daylight hours. Ambulance transports was
weakly and positively correlated with the lowest humid-
ity.

However, it is well known that higher air temperature
was closely associated with higher ambulance transports
[1,2]. We estimated the relation between ambulance
transports per day and climate parameters by quadratic
curve (Table 3, Figure 1). Ambulance transports per day
were closely associated with mean air temperature (r =
0.633, p < 0.0001, y =0.011x* — 0.317x + 11.633), mean
of the highest air temperature, mean of the lowest air
temperature, the highest air temperature, the lowest air
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Table 1. Profiles of climate parameters and ambulance trans-
ports from 2005 to 2011 in Sakata area, Japan.

Mean £ SD  Minimum Maximum

Number of month 84
Mean air temperature ("C) 13.0+ 8.4 0.1 27.9
Mean of the highcest air 168489 24 318
temperature (°C)
Mean of the low;cst air 94483 53 245
temperature (°C)
The highest air temperature ("C) 23.4+ 8.6 6.3 37.1
The lowest air temperature ("C) 4.7+7.9 —6.5 23.0
Mean humidity (%) 72.3+4.0 62.0 85.0
The lowest humidity (%) 31.0+38.8 10.0 50.0
Daylight hours 1244509 229 2508

(hours per month)

Ambulance transports due to

acute disease (per month) 307.0£33.6 2240 386.0

Ambulance transports due to

acute disease (per day) 10.1+1.0 72 125

Table 2. Simple correlation analysis between ambulance trans-
ports per day and climate parameters.

r p
Mean air temperature (°C) —0.281 0.0097
Mean of the highest air temperature ("C) —0.302 0.0052
Mean of the lowest air temperature ("C) —0.256 0.0187
The highest air temperature ("C) —-0.352 0.0010
The lowest air temperature (°C) -0.197 0.0723
Mean humidity (%) 0.050 0.6527
The lowest humidity (%) 0.268 0.0137
Daylight hours (hours per month) —0.371 0.0005
n=_84
r=0.633
13 Y=0.011X2-0.317X+11.663
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Figure 1. Estimation of the relation between mean air tem-
perature and ambulance transports due to acute disease by
quadratic curve in Sakata area, Yamagata prefecture, Japan.
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Table 3. Approximation by quadratic curve between ambulance transports per day and climate parameters.

r p Quadratic curve (Y: ambulance transports, X: Climate parameters)
Mean air temperature (°C) 0.633 <0.0001 Y=0.011X>-0.317X +11.633
Mean of the highest air temperature ("C) 0.628 <0.0001 Y =0.009X* — 0.342X + 12.535
Mean of the lowest air temperature (°C) 0.625 <0.0001 Y =0.011X*-0.263X + 10.794
The highest air temperature ("C) 0.506 0.0003 Y =0.006X* — 0.295X + 13.487

The lowest air temperature (°C) 0.593 <0.0001 Y =0.011X>—0.160X +9.949

Mean humidity (%) 0.174 0.1307 Y =—0.006X> + 0.955X — 24.916
The lowest humidity (%) 0.268 0.8511 Y =-0.0002X* + 0.045X + 8.922
Daylight hours (hours per month) 0.502 0.0007 Y =0.0001X* - 0.03X + 11.990

temperature and daylight hours. The correlation coeffi-
cient between mean air temperature and ambulance
transports per day was the highest among variables. Fi-
nally, from the regression line, a 14.4°C in mean air tem-
perature was corresponded to a change point of ambu-
lance transports per day.

4. DISCUSSION

The main finding of this study was to explore the link
between ambulance transports due to acute disease and
low air temperature in Sakata area, Yamagata prefecture,
Japan by ecological study.

Although direct effects of low air temperature are only
in part of the result of increased stress on the circulatory
system [8], low air temperature was associated with
higher mortality rates form myocardial infarction by ret-
rospective analysis in Northern Ireland [4]. According to
the relation between air temperature and total mortality,
Braga et al. showed that, in cold cities in US, both high
and low air temperature were associated with increased
death. The effect of cold air temperatures persisted for
days and no clear humidity effect was observed [6]. In
this study, we firstly evaluated the link between ambu-
lance transports due to acute disease and air temperature
in Sakata area, Yamagata prefecture, Japan. Lower air
temperature was closely linked to higher ambulance trans-
ports, as well as higher air temperature was linked to
higher ambulance transports by using monthly data [1,2].
In addition, the correlation coefficient between mean air
temperature and ambulance transports due to acute dis-
ease was the highest among variables by estimation of
quadratic curve, and a 14.4°C in mean air temperature
was corresponded to a change point of ambulance trans-
ports by quadratic curve. These findings suggest that we
need to pay attention to dealing with the relation between
low air temperature and its related health conditions as
well as high air temperature.

In turn, we have previously proved that positive
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changes in air temperature were noted and these were
accelerated in all 47 prefectures of Japan [1,13]. Wanits-
chek et al. reported that the average air temperature in-
crease of 7.5°C from the cold to the warm winter was as-
sociated with a decrease in acute coronary angiographies,
in particular due to a lower incidence of ST elevation
myocardial infarctions [3]. Martens reported that global
climate change was likely to read to a reduction in mor-
tality rates due to decreasing winter mortality and this ef-
fect is the most pronounced for cardiovascular mortality
in elderly people in cities who experience temperate or
cold climates at present [7]. Doyon et al. reported that
the summer increase and the annual mortality range from
about 2% and 0.5% for the 2020 period, to 10% and 3%
for the years around 2080 in Quebec, Canada [14]. Taken
together, analysis of any climatic change also should take
into account low air temperature-related health problems
in future.

Potential limitations still remain in this study. First, we
used an ecological study. The link between ambulance
transports due to acute disease and air temperatures,
which was noted in this study, may not apply for the link
among individuals. Second, detailed daily and individual
(i.e. age and sex) data of ambulance transports due to
acute disease could not be obtained and analyzed in this
study. Therefore, we could not evaluate the link between
ambulance transports and air temperatures as accurately
as we wished. Further ongoing studies are urgently re-
quired to prove such a link.
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