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Regional features and temporal variations of heat-stroke ambulance transport rates in Japan
—Comparison with mortality—
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ABSTRACT

Data on ambulance transport rate of patients with heat stroke from 2008 to 2018 in Japan
were used to examine regional features and temporal variations of transport from climatological
viewpoints. The transport rate is correlated with summer mean temperature both spatially and in
year-to-year variations. Regarding seasonal variations, the transport rate is higher in early summer
than in late summer by a factor of two or more. On a daily basis, the transport rate for days with
specified maximum temperature levels tends to be higher in prefectures with cooler summer
climate. These features are similar to those of heat-stroke mortality, although there are a number of
differences in the climatological features of transport rate and mortality.
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Table 1 Definition of symbols

Symbol Definition
Prefecture-averaged daily maximum/mean
Tmax / Tave
________________ temperature .
Tmax / Tave  Average of Tmax / Tave for July to August
Average of Tmax / Tave for July to August
from 2008 to 2018, or
(Tmax) / (Tave) Average of Tmax / Tave for each ten-day
________________ period from 2010102018
Prefecture-averaged annual highest
Tmvax
temperature
(Tmax) Average of Tmax from 2008 to 2018
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Table 2 Ambulance transport cases of heat stroke patients and
transport rate, and mortality cases and rate for each age
group. The data period is June through September of
20102018 for ambulance transport cases of heat stroke
patients, and 2010 — 2016 for mortality.

Age (years old) Total 0-6 7-17 18-64 >65
Tr?(l;:f;feta‘;ises 54938 481 7107 20691 26659
Tr?f;fligﬁg)rate 432 68 567 281 787
M?;t:rli%acre)tses 986 1 2 187 795
M?ia%i(;g;a‘e 078 002 001 025 235




Table 3 Ambulance transport cases of heat stroke patients
for each severity, and their percentage of the total
cases. The data period is June through September of
2010—2018.

Moder-

Severity Total Fatal Serious ate Mild Others

Transport cases
(per year)

Percentage (%)

54437 92 1288 17915 34525 617

100.0 02 24 329 634 1.1
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Figure 1 Distribution of ambulance transport rate of
heat-stroke patients of all ages. The data
period is June through September of
2010-2018. Dotted brown lines indicate the
boundaries of regions for Figures 2—4.
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Table 4 Spatial correlation between the variables in the first and second columns, and corresponding linear regression coefficients.
The correlation is based on prefecture-wise values. Values obtained without Hokkaido and Okinawa are shown, along
with those obtained with the two prefectures within brackets included.

Indep. variable

Dep. variable

Correlation Regression

Transport rate: All ages (Tmax)
Transport rate: All ages (Tave)
Transport rate: All ages (Tmax)
Transport rate: All ages Latitude
Transport rate: 0—6 years old (Tmax)
Transport rate: 7-17 years old (Tmax)
Transport rate: 18—64 years old (Tmax)
Transport rate: > 65 years old (Tmax)
Transport rate: Mild (Tmax)
Transport rate: Moderate (Tmax)
Transport rate: Fatal & serious (Tmax)
Mortality: All ages (Tmax)
Ratio of fatal & serious cases (Tmax)
Mortality/Transport rate (Tmax)

0.68%* [0.79%%*]
0.64%** [0.73*%*]
0.42%* [0.61%%]
—0.68%* [-0.62%*]
0.43%* [0.47%%*]
0.56** [0.69%%*]
0.69%* [0.80%%*]
0.65%* [0.75%*]
0.58%* [0.69%%*]
0.37* [0.52%%*]
—0.06 [0.25°]
0.14 [0.45%*]
—0.45%* [-0.28°]
—0.35% [-0.16]

0.106** [0.122%%*]
0.100%* [0.111%%*]
0.095%* [0.140%%*]
—0.071%* [-0.059%**]
0.108** [0.096**]
0.100%* [0.117%%*]
0.114%* [0.132%%*]
0.100%* [0.116%*]
0.112%* [0.122%%*]
0.081* [0.111%%*]
—0.016 [0.060°]
0.029 [0.095*%*]
—0.115%* [-0.057°]
—0.084* [-0.031]

Symbols 7 “” and “°” indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

1) The unit is deg™' for latitude, and K~! for others.



+ Hokkaido « Northern = Eastern o Western % Okinawa

o X105 o %1075

© 50} (a) 5. ® 50F (b) -
T 30 "‘:ﬁj £ 30 H:’ Sogr
= - o -

% 20 ¥ % 20

© + @ +

= 10 = 10

24 26 28 30 32
<TIT‘IEI)(> ("—‘C)

20 22 24 26 28
<Tave> ("C)

@ )<10_5 @ )<10_5

8 50F(€)  La g 50F(d) g

£ a0l APE g oaolx O,
% 20 . % 20 3
S + S +
g 10 g 10

[ SN I ——
25 30 35 40
Latitude ("N)

R N [N N —
30 32 34 36 38
{Tuax? (°C)

Figure 2 Relationship between ambulance transport
rate of heat stroke patients and (a) (Tmax), (b)
(Tave), (¢) {Tmax), and (d) latitude. Data
period is July and August of 2008—2018,
and each symbol corresponds to a prefecture.
A dashed black line indicates a linear
regression for the 45 prefectures, excluding
Hokkaido and Okinawa.
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Figure 4 Relationship between (Tmax) and (a) the ratio
of fatal and serious cases to the total
transport cases, and (b) the ratio of deaths to
transport cases. A dashed black line indicates
a linear regression for the 45 prefectures,
excluding Hokkaido and Okinawa.
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Figure 3 Same as Figure 2a but for (a) mild cases, (b)
moderate cases, (c) fatal and serious cases,
and (d) mortality. A dashed black line
indicates a linear regression for the 45
prefectures, excluding Hokkaido and
Okinawa.
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Figure 5 Year-to-year changes in (Tma) and

parameters related to ambulance transport
rate of heat stroke patients and mortality. The
analysis region is the whole of Japan.



Table 5 Regression coefficients for year-to-year variations of the variables in the first column to Tmax and year. The regression to
year corresponds to a linear trend.

Regression to Tmax (K1)

Linear trend (year™)

Transport rate:
Transport rate:
Transport rate:
Transport rate:
Transport rate:
Transport rate:
Transport rate:
Transport rate:

All ages

0-6 years old
7-17 years old
18-64 years old
> 65 years old
Mild

Moderate

Fatal & serious

Mortality: All ages
Ratio of fatal & serious cases

Mortality/Transport rate

0.37%* [0.42%*]
0.36%* [0.36*]
0.33* [0.34%]
0.37%% [0.41%%]
0.39%* [0.45%*]
0.34%* [0.39%*]
0.39%* [0.44%*]
0.51%* [0.57%*]
0.63* [0.65%]
0.13° [0.14%]
0.22° [0.23°]

0.078* [0.077**]
0.082%* [0.085%%*]
0.090** [0.092%%*]
0.076* [0.075%*]
0.076* [0.075%]
0.086** [0.085%%*]
0.081* [0.080%*]
0.051 [0.052]
0.029 [0.006]
—0.035% [-0.034%]
—0.074° [-0.082%]

Ratio of > 65 years old people

0.02 [0.03]

-0.002 [-0.002]

Symbols “**”, “*”and “°” indicate statistical significance at the 1%, 5%, and 10% levels,

respectively.
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Figure 6 Seasonal changes in ambulance transport rate

of heat stroke patients and (7Tmax). The
analysis was based on ten-day averages for
June through September (eleven-day averages
for the last periods of July and August) for the
whole of Japan.
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(Tmaxy shown in Figure 6. Dashed green lines
indicate the regression based on Eq.(5).
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Table 6 Regression coefficients for the seasonal variations of variables in the first column. The regression is based on the
least-squares criterion in Eq.(5). The plus-minus sign indicates the 95% confidence range.

A (K™ B
Transport rate: All ages 0.45+0.04 [0.46+0.06] 0.77£0.19 [0.88+0.26]
Transport rate: 0-6 years old 0.3320.05 [0.34+0.06] 0.83+0.23 [0.92+0.28]
Transport rate: 7-17 years old 0.39+0.06 [0.40+0.07] 0.71+0.30 [0.81£0.33]
Transport rate: 18—64 years old 0.46x0.04 [0.47+0.06] 0.69+0.20 [0.78+0.26]
Transport rate: > 65 years old 0.47+0.05 [0.48+0.06] 0.87+0.22 [0.98+0.30]
Transport rate: Mild 0.44+0.04 [0.45+0.05] 0.72+0.18 [0.81+0.25]
Transport rate: Moderate 0.48+0.05 [0.49+0.06] 0.89+0.23 [0.99+0.30]
Transport rate: Fatal & serious 0.53+0.06 [0.53+0.08] 1.14£0.30 [1.23£0.39]
Mortality 0.51+0.06 [0.52+0.05] 0.21x0.27 [0.33+0.22]
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24 26 28 30 32 24 26 28 30 32 Figure 9 Same as Figure 6 but for the ratio of fatal
(T} (C) (T3 (C) and serious cases to the total ambulance
max max transport rates of heat stroke patients, and the
ratio of deaths to transport rates in the whole
x1075 x1075 of Japan.
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Figure 8 Same as Figure 7 but for (a) mild cases, (b)
moderate cases, (c) fatal and serious cases,
and (d) mortality.
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Figure 10 Transport rate of heat stroke patients in each

1°C interval of Tmax. Data for three
prefectures Aomori, Ibaraki, and Osaka are
shown.



Table 7 Regression coefficients for daily variations of variables in the first column. The regression is based on the
least-squares criterion in Eq.(6). The plus-minus sign indicates the 95% confidence range.

a (K™

b (XK

Transport rate: All ages
Transport rate: 0—6 years old
Transport rate: 7—17 years old
Transport rate: 18—64 years old
Transport rate: > 65 years old
Transport rate: Mild

Transport rate: Moderate
Transport rate: Fatal & serious
Mortality

~0.21+0.02 [-0.22+0.02]
~0.19+0.04 [-0.19+0.03]
~0.19+0.03 [-0.19+0.02]
~0.21+0.03 [-0.2220.02]
~0.21+0.03 [-0.2220.02]
~0.1820.03 [-0.2120.02]
~0.29+0.03 [-0.25+0.02]
~0.44+0.05 [-0.32+0.04]
~0.19+0.06 [-0.1420.04]

0.37+0.01 [0.37£0.01]
0.27+0.01 [0.27£0.01]
0.34+0.01 [0.34+0.01]
0.38+0.01 [0.38+0.01]
0.37+0.01 [0.37+0.01]
0.37+0.01 [0.37+0.01]
0.37+0.01 [0.37+0.01]
0.39+0.01 [0.39+0.01]
0.30+0.02 [0.30+0.02]
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Figure 11 Relationship between ambulance transport
rate of heat stroke patients and (Tmax). Each
dot corresponds to a prefecture for one of
the three ranges of Tmax. Dashed orange lines
indicate linear regression for prefectures
except Hokkaido and Okinawa.
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Figure 12 Same as Figure 11 for Tmax=28-29°C but for
ambulance transport rates in each severity
and for mortality.
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Figure 13 Relationship between calculated ambulance
transport rate of heat stroke patients (H.) and
actual transport rate (H). Data for
prefectures  excluding Hokkaido and
Okinawa are shown. The dotted line
indicates the line of H=H-.
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Figure 14 Relationship between H/H: and (a) ATmax™
and (b) ATwe™. Results for n=1, 4, 7, and 18
for the whole of Japan are shown. For n=1
and n=18, the 95% confidence range of
In(H/H.) is shown in vertical bars.
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Figure 15 Same as Figure 14a but for each age range.
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Figure 16 Same as Figure 14a but for each severity
case (a—c) and for mortality (d).
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Figure 17 Relationship between H/H: and (a) OHmin,
(b) Umax/{Umax), (c) precipitation rate, and
(d) sunshine rate. Daily maximum
temperature  (Tmax) and daily mean
temperature (7ave) are analyzed. Vertical bars
indicate the 95% confidence range of
In(H/He).
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Figure 18 Same as Figure 17 but for each age range
based on Tmax.
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Figure 19 Relative frequency of (a) ATmax (n=1) and
(b) ATwe (n=1) for each range of daily
sunshine rate.
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Figure 20 Relationship between H/Hc: and (a) ATmax
(n=1) and (b) ATave (n=1) for each range of
daily sunshine rate. For <0.2 and >0.8 cases,
the 95% confidence range of In(H/H.) is
shown in vertical bars.
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Table 8 Summary of differences between the ambulance transport rate of heat stroke patients and mortality.

Transport rate

Mortality

Age distribution

Positively correlated with summer

temperature, except

Large difference between former
and latter periods of summer

Relatively weakly influenced,

Influence of temperature for

preceding few days especially for y

High for both elderly and young

High for elderly people only

Uncorrelated with summer
for serious cases temperature

Relatively small difference between
former and latter periods of summer

oung people Strongly influenced
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T, HToEmeT 5.

BERDEEE & DETEWD &1T, BTPIEDIIEN G
BB L 10RO 2122 5 &0 D fEsR OIS 01115 L ZEA
T 5. AEIfES 7T — % 0 SITERE L ORERROE
NI RON, T ETORFIET, 10 fROBFIERIE
IEAR=Y R EOIFEIRIZ L <, RlEIXZEN - ERNO
AJRRFIZZ WD EAVURES TN S (LI I51617.18) - 7= - 5y
HE OFFEITH AT E < 19, =7 a2 U AREHOFFH
LN & 1 G PNOBERICET IR ELHD. T L
T, BEHEDOAR—=Y « FNI1F 5P RER R T A T
WBDIZKEL, @il o B E TR OFIERIN & BAE LA
BETHY, TOTHPRERFEETHD LEHINLTND
(20)

HBTEIFIR Z & OWEFR D534 13 Tmaxy & IEFABZFFD. L
22U, (Tma)lZxET D [EURREIT 0K BRETH Y, ok
Bz T D EUFRE (04K FRJEE) 1THATREW. ik
RO(Tma) ~DIRIFEN, B ORI K- Tl ST
WARREMEDR B 5. F 72, ST RLHEER OMRIERII Tna)
& OFIEANFI (Figure 3, Table 4) . $7ebh, BHiiES
IBOFRFEITEBEVHIRIZZ WA, BEEECHEFIXE DR
LWHICH e b 34T 5. AATIHE, EOFEHK

IRAMEHIR TS —FFIC R 0 OFEIRICR D ZERH D,

INDREEFWE OREEZ L TZDT OB AN, L
L, EER OWERPIET R &AM K5 KIE(Tvax) & D
FHBIEES <, FRROMREZE ST 2 FEFIIRH IR,

FrEETBDTE, WEE - TR L b Ton & OXG
BB TH S, LL, HEIIREMITEZ TN 5 DI
$L, FELROBAMIZRV. R, HEEHOMER L
X T 72y (Figure 5, Table 5) . 2010 4 & 2018 4F0D HK
DHRMNT—ZELA~D L, HEmKIEAFE U TH 2018 4ED
FHEREER DN < FETHUT DI VWMEHAIS b5 CD. SEAE
WEEED EIRPEICH T DS OREAEE Y, OO
BAEHNEIMTOND Z LI &k » TIEAIRFRENRET BN D &
TR TELTEMENRDHS. bob, BTIEDREE
DR EFIZ X D AT OEENE b - T % Al Relk
LEETET, ZORIISHOBRFHEEESE Lz,

FHEICIE T D E ORI IS, H 2 ZEZI 1T 2(Tna)
IREEMERE, BB K 2 3ERIDIR A RET 55D T
bV, WEOHREFETH G232 Lavl, SEEHIC
D EMEERIIE OB N RE L, FRC, EEHOW
ERIIATE LA KR E W (Figure 9, Table 6) .

Hx OWEFEE Tox & OB L O Ty & OAFHE
&, FEERICOWTOREE BT 5. FrCEEFOME
T Tonax & Tma) KT D EUFERELA K E W (Table 7) . —
77, WERICIT HRTA ~ AR O@mBOREL, FHLE
FEETR AR, FRBIA R BRI X 2 B EVE OETE R
I, FECICHR L CTHRRIZIR B < o b Eiv 2. 2o &
&, HOBNITIR 21T EMERITH T DT RO &
52 & (Figure8) CHEAHT 5.

TN D &, /N EOWESRILATH ~% A Al

OFIRIT E DEEME R FT5 0 (Figure 15) . /NESDED
FIE(T AR —2 70 EOIFEREIZL <, fiE>C, RIHETO
BAMOEMEIV b, ZTOBOREEMITLELAINLT WV
EEZDLND. 2L, INEARMFEORERIZE, HOR
#% It (Table 6) R+ H ATOKIRIZ 33 5 A FHBEE (Table 7)
NROOLND. ZHUTEULDOEFE 2 RET 50N, EARRIZ
FRATED W > THREE B IY, —ABIbD X 5 22 F-Eiks
{LZR LTV D AHEMEN S Db HIALZ2 .

M X A%k (H/H) OEWE, BEOKIEO K
TR TE 5. 37205, T DR DEBEDEWVIES
DAE~DOBBATHIRE VD, Twe 2R U HEIEH O
1T ) BEN TR ORIEN LYY, BARERHRENE X 0T
WTHAH . Tave ICESSFHTITBNT, ZREAKHSER
AICHRERMENZ & BRBRICIRIRTE 5. R, /hER
DRI RARCEIE I, miEECEBKE - ERA O
PRERPRNMENCSH D (Figure 18) . Z OFEE & LTI,
(1) ZRek BPHER B ILRINEENC BT 2 BREART /NS
WZ &, () BAKRRIZIZRINEBI OB ZE Db ONE S Z
ERBZLNLD.

Dbz LD &, Wkl W ROR ARSI
HiETHEZARLOR, N TIIENLH S, F72,
FEEC BB L > CRIEFHIFEN R D, ZOHH
DO—ui e LTI, BINEEIRFORIENZ N EZ X N DA
FEL, BENORIEN DL RWEIRE & O, FERRO
EORHD LB LND. BHIEREDO SRR LT-
kT, THREEL T ZERRDLNS.

728, ARFFETBVRREYE ORI EICEE T 5
Banb, [UREOMOKG TR ERIGUT L=, BiE
OFIELREICE DD RE L LTI WBGT (BERIEEKIET)
7o EORBIEEN L HOWBN S, WBGT IZKURDIENR
FECRFHCRLE L, BINEEOBATTE X HIEIETH D
LEND. BIMNEEIRORENS N E SNDFFEL L, =K
NDOFIEN SV EIE L ITHONWT, BVPRERE LRI
WBGT & OBMRE B3 2 &3, Rk BR O FICRE
ThHHI.

Eik

AT HORNL KT (EHERFHILD HUR) & B
ARG LR EBBEO LRI [RBEE T T X2 BHE & RIR
FEFBLY A7 OFERTI , B BRI LS %
b b RGN & EORAEROMT  GHEIE C,
FRRER B 17K00523) , 3 & OB R ST R AE R AT 7 (42
20Y) FREIIZEE 12020 EREA Y By 7 - 3T
YUy ZINT TR ORRO—HTh 5.
N O ENRERE R O 2T — X (X B R LR PR B AT T HE AR
D URA E 48 U CEABE ) bt =) 7
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