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Abstract

Body cooling is recommended for patients with heat stroke and heat exhaustion. However,
differences in the outcomes of patients who do or do not receive active cooling therapy have
not been determined. The best available evidence supporting active cooling is based on a
case series without comparison groups; thus, the effectiveness of this method in improving
patient prognoses cannot be appropriately quantified. Therefore, we compared the out-
comes of heat stroke patients receiving active cooling with those of patients receiving rehy-
dration-only therapy. This prospective observational multicenter registry-based study of
heat stroke and heat exhaustion patients was conducted in Japan from 2010 to 2019. The
patients were stratified into the “severe” group or the “mild-to-moderate” group, per clinical
findings on admission. After conducting multivariate logistic regression analyses, we com-
pared the prognoses between patients who received “active cooling + rehydration” and
patients who received “rehydration only,” with in-hospital death as the endpoint. Sex, age,
onset situation (i.e., exertional or non-exertional), core body temperature, liver damage,
renal dysfunction, and disseminated intravascular coagulation were considered potential
covariates. Among those who received active cooling and rehydration-only therapy, the in-
hospital mortality rates were 21.5% and 35.5%, respectively, for severe patients (n = 231)
and 3.9% and 5.7%, respectively, for mild-to-moderate patients (n = 578). Rehydration-only
therapy was associated with a higher in-hospital mortality in patients with severe heat illness
(adjusted odds ratio [aOR], 3.29; 95% confidence interval [CI], 1.21-8.90), whereas the
cooling methods were not associated with lower in-hospital mortality in patients with mild-to-
moderate heat iliness (aOR, 2.22; 95% Cl, 0.92-5.84). Active cooling was associated with
lower in-hospital mortality only in the severe group. Our results indicated that active cooling
should be recommended as an adjunct to rehydration-only therapy for patients with severe
heat iliness.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259441
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Introduction

Heat illnesses, caused by exposure to or exertion in hot environments, are a growing public
health concern owing to climate change. Heat stroke and heat exhaustion are a severe form
and a mild-to-moderate form of heat illnesses, respectively. In July 1995, Chicago, IL (USA)
sustained a heat wave that resulted in more than 600 excess deaths and 3300 excess emergency
department visits [1]. In France, more than 14 800 people died of a heat stroke caused by a
heatwave in August 2003 [2]. Since 2010, an increasing number of heat stroke patients have
been reported in various parts of the world [3-7].

In Japan, because of high temperatures and humidity in the summer, heat stroke and heat
exhaustion occur more frequently among elderly people. More than 50,000 patients with heat
illnesses are taken to hospitals each summer. On account of heat illnesses caused by the heat
wave of 2018, 95,137 patients required hospital visits and 1677 patients died [8, 9]; most of
these patients were older adults who were affected during daily activities [10].

Heat stroke is a life-threatening condition requiring prompt recognition and vigorous treat-
ment [11]. Gaudio et al. [12] recommend active cooling to quickly reduce body temperature
and fluid replacement to address dehydration. The best available evidence supporting active
cooling is shown in a case series without comparison groups; thus, this case series alone could
not appropriately quantify the effectiveness of this method in improving patient prognoses [1].
Various studies have reported improved symptoms and fewer patient fatalities after adminis-
tering the following active cooling methods: cold-water immersion [13-17]; placing numerous
ice-filled rubber bottles over the body [18] or covering the body with water-soaked fine gauze
sheets [19]; use of fans [19], body-cooling units [20], water sprays [19, 21], and external cooling
and cold-water gastric lavage [22]. The Japanese guidelines for heat stroke and heat exhaus-
tion, created by the Japanese Association for Acute Medicine, recommend two active cooling
methods in addition to evaporative methods: external convective cooling and internal gastric
lavage and bladder irrigation [23]. The guidelines do not recommend using cold-water immer-
sion, body-cooling units, intravascular ice cradles, and temperature management by extracor-
poreal membrane oxygenation because of safety concerns regarding older patients and those
with disturbed consciousness or shock status.

Several controlled trials have shown that among healthy volunteers with exercise-induced
hyperthermia, evaporative plus convective cooling or immersion in water baths at 2°C can
reduce body temperature faster than other cooling methods [24, 25]. Comparisons to deter-
mine the effectiveness of various cooling methods among patients with heat illnesses are
lacking.

In this study, we compared the prognosis of heat stroke and heat exhaustion patients treated
with active cooling methods or with rehydration-only therapy by using data from a nationwide
heat stroke and heat exhaustion registry database. We determined the therapeutic value of
active cooling as an adjunct to rehydration-only therapy for the management of severe heat-
related illness.

Materials and methods
Study settings

Japan has a temperate humid climate with four seasons. During the summer season from June
to September, daytime maximum temperatures and relative humidity exceed 35°C (308.15 K)
and 75%, respectively. The so-called unpleasant days, defined as a discomfort index >80,
account for nearly 30 days in Tokyo [8]. In addition, Japan has the world’s most aged society:
individuals aged >65 years account for 28.6% of the population, as of 2020 [26]. Most heat
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stroke and heat exhaustion patients are therefore older adults. Greater frequencies of heat
stroke and heat exhaustion cases are seen every year. The Japanese Association for Acute Med-
icine started the Heat stroke Study (HsS) in 2006 as a biennial nationwide multicenter registry
of heat stroke and heat exhaustion patients. The data has been collected annually since 2017.
Participating facilities are emergency centers capable of providing comprehensive emergency
care 24 hours a day, 7 days a week, for all serious and multidisciplinary emergencies. In Japan,
there are guidelines for treating heat stroke. Each facility selects a cooling method based on its
available medical equipment, supplies, and human resources.

Study design

This study was a prospective observational multicenter registry-based study of hospitalized
patients with heat stroke and heat exhaustion. We evaluated the prognoses of patients who
received active cooling in hospital and patients who did not. The Ethical Review Board for
Medical and Health Research at Teikyo University (Tokyo, Japan) approved the study protocol
(approval numbers. 17-021-5 and 17-053-3). The study protocol was also approved by the ethi-
cal review boards of each participating institution. The requirement for informed consent was
waived because of the retrospective study design and the use of anonymized data.

Data source

We obtained the following data at hospital admission from the HsS registry: age, sex, year of
registration, core body temperature, consciousness, liver damage, renal dysfunction, and dis-
seminated intravascular coagulation (DIC). We focused on the associations between cooling
methods and patients’ outcomes; therefore, we excluded the HsS data of 2006 and 2008
because they did not include this information.

The HsS data collection was conducted from July to September in the study years (i.e.,
2010, 2012, 2014, and 2017-2019). All heat illness patients (i.e., hospitalized and non-hospital-
ized) were registered during 2010-2012, whereas only hospitalized patients were registered
during 2014-2019. In each participating hospital, the emergency department physicians diag-
nosed heat illnesses, based on symptoms (e.g., high body temperature and signs of dehydration
such as dizziness, myalgia, headache) and history of exposure to hot environments before the
symptom onset [27, 28]. Patients with an infectious disease were excluded; i.e., we excluded
cases diagnosed as infections because of the presence of bacteria in blood cultures or pneumo-
nia on radiographs or computed tomography scans. The physicians collected the patient data
from the medical records and registered them by using a web-based data collection system.
Data were collected on variables such as symptom onset situation (e.g., sports, labor, or every-
day life); parameters at hospital arrival such as vital signs, core body temperature (i.e., bladder
or rectal temperature), and laboratory parameters (indicating liver, hepatic, and coagulation
functions); cooling methods; and in-hospital deaths. Prognoses after discharge from the hospi-
tal emergency department were not investigated.

Study participants

The study participants were hospitalized patients diagnosed with heat stroke or heat exhaus-
tion and registered in the HsS in 2010, 2012, 2014, 2017, 2018, and 2019. Of the 5739 registered
patients, 3142 hospitalized patients with exceptionally low mortality risk; 560 patients with
missing outcome or cooling methods data were excluded. Of the 2582 patients analyzed, 1773
patients with partially missing data underwent univariate analyses and 809 patients with com-
plete data underwent multivariate analysis (Fig 1). We categorized the participants into the
severe group (i.e., core body temperature, >40.0°C [313.15 K]; Glasgow Coma Scale [GCS]
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Registration 5739
HsS2010 1.781
HsS2012 2,130
HsS2014 328
HsS2017 244
HsS2018 522
HsS2019 734
4| Outpatients 2,597
Hospitalized 3.142 |
Complete missing 560
data
Unknown outcome or
cooling methods
Analyzed 2,582 |
I
| 1
Multivariate analysis (complete data) 808 Univariate analysis (partially 1,773
missing data)
[
[ 1
Severe 231 Mild to moderate 578
Deep body temperature 240°C and GCS Deep body temperature <39.9°C or GCS
score, 3-8 score, 9-15
Cooling methods Cooling methods
Active cooling 200 Active cooling 334
Rehydration-only 31 Rehydration-only 244
therapy therapy

Fig 1. Patient selection process. Active cooling includes exclusively external, exclusively internal, and combined
cooling. Rehydration-only therapy refers to fluid replacement without active cooling. HsS: Heat stroke Study; GCS:
Glasgow Coma Scale.

https://doi.org/10.1371/journal.pone.0259441.9001

score, <8) or the mild-to-moderate group (i.e., all remaining patients), following Bouchama’s
severity classification based on the core body temperature and central nervous system abnor-
malities [29].

Endpoint

The endpoint was in-hospital mortality.

Cooling methods

We classified cooling methods as active cooling therapy or rehydration-only therapy. The for-
mer included internal, external, and combined cooling; all patients who were treated with
active cooling were also treated with rehydration therapy. Various active cooling methods
used in the participating facilities were categorized as follows: external cooling included the
cooling of body surfaces through cold-water immersion, evaporative and convective cooling,
and body-cooling units; internal cooling included cooling of the body cavity through gastric
lavage and bladder irrigation with cold water and intravascular temperature management by
saline circulation through catheter balloons or extracorporeal circulation; and combined cool-
ing included combinations of internal and external cooling methods. Rehydration-only ther-
apy comprised intravenous fluid replacement without active cooling, in which extracellular
fluid (lactate Ringer’s solution, acetate Ringer’s solution, etc.) at room temperature was usually
used. Although some facilities used a refrigerator-cooled solution, we did not consider such
therapy as an active cooling method because the fluid was not kept cool during infusion. We
did not collect information on fluid temperature.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259441  November 17, 2021 4/12
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This classification of cooling methods is based on Bouchama’s theory of heat transmission
in the human body [29]. Excess heat of the body core is transmitted to the body surface
through the blood and by direct heat conduction. Furthermore, vasodilation increases blood
flow to the skin. Heat is thereafter released into the atmosphere through the skin, usually by
sweat evaporation. Cooling methods can apply to each of these processes. External cooling
facilitates heat exchange through the body’s surfaces and internal cooling through the body’s
core. Fluid replacement may enhance heat transfer from the core to the surface.

Variables

We classified age as <5 years, 15-44 years, 45-64 years, 65-74 years, and >75 years; core body
temperature as <39.0°C (<312.15 K), 39.0°C-39.9°C (312.15-313.05 K), 40.0-40.9°C
(313.15-314.05 K), 41.0-41.9°C (314.15-315.05 K), and >42.0°C (>315.15 K); GCS score as
3-5,6-8, 9-14, and 15; onset situation as exertional (e.g., sports and labor) and non-exertional
(e.g., everyday life); and year as 2010-2012 and 2014-2018. We defined liver damage, based on
an aspartate transaminase level of >30 U/L (0.5 pkat/L) or an alanine aminotransferase level of
>42 U/L (men: 0.7 pkat/L)/>) or >23 U/L (women: 0.38 pkat/L); renal dysfunction based on
a creatinine level of >1.07 mg/dL (men: 94.61 pmol/L)/>) or >0.80 mg/dL (women:

70.74 umol/L); and DIC based on a score >4 (Japanese Association for Acute Medicine scor-
ing) [30]. This DIC score reflects DIC severity ranging from 0 (mild) to 6 (severe), depending
on the presence of systemic inflammatory response syndrome, thrombocytopenia, prothrom-
bin time international normalized ratio prolongation, and D-dimer increase.

Data analysis

We stratified the patients with complete data into the “severe” group or the “mild-to-moder-
ate” group and analyzed the group-wise association between cooling methods and in-hospital
deaths. We conducted logistic regression analysis with in-hospital death as the dependent vari-
able and the cooling method as the main independent variable. We also conducted a multivari-
ate analysis to adjust for the following covariates that are likely to be associated with the
prognoses of heat illness patients: sex, age, onset situation (i.e., exertional or non-exertional),
core body temperature, liver damage, renal dysfunction, and DIC [31-34]. We also included
the years when the HsS was conducted to consider unmeasured environmental, clinical, or
meteorological changes. The variables were dichotomized before logistic regression analyses as
follows: (1) cooling methods: active cooling, rehydration-only therapy; (2) sex: female, male;
(3) age (years): <64, >65; (4) years: 2010-2014, 2017-2019; (5) onset situation: exertional,
non-exertional; (6) core body temperature: <40.9°C and >41.0°C; (7) GCS score: 3-5 and
6-15; (8) liver damage: absent or present; (9) renal dysfunction: absent, present; and (10) DIC
score >4 or <4. For each variable, we calculated the crude odds ratio in the univariate analysis
and adjusted odds ratio (aOR) in the multivariate analysis, along with their respective 95%
confidence intervals (CIs). The multivariate model included all of the abovementioned inde-
pendent variables. We used SPSS Statistics version 25 (IBM, Armonk, NY) for the data
analysis.

The sample size was determined in advance using the number of patients registered in the
database. Therefore, we calculated the minimum detectable effect size for the given sample.
The odds ratio needed to be 3.21 or higher to achieve statistical significance based on the given
sample size of the severe cases (n = 231), the proportion of patients receiving rehydration-only
therapy (13.4%), a 5% probability of type one error, a power of 0.8, and an assumption that the
mortality rate among severe patients treated with active cooling methods was 20%. We used
G”power ver.3.1.9.2 for this calculation [35].
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We conducted univariate analyses among patients with missing data (S1 Fig). We excluded
patients with unknown cooling methods and missing outcomes and classified the remaining
patients into four groups: (1) patients with complete data of core body temperature >40.0°C
(>313.15K) and GCS 3-8 (i.e., severe); (2) patients with incomplete severity data but who
were likely to be classified as severe, based on the core body temperature (i.e., >40.0°C
[>313.15It]) or GCS of 3-8 (i.e., likely to be severe); (3) patients with a core body temperature
of <40.0°C (<313.15 K) or GCS 9-15 (i.e., mild-to-moderate); and (4) patients with
completely missing severity data (i.e., unknown severity; S1 Fig). We thereafter compared the
group-wise mortality rates.

Results

Of the 809 patients analyzed for this study, 231 patients were categorized as “severe” and 578
patients as “mild-to-moderate.” Most patients received active cooling therapy (Table 1).
Among all participants, men and individuals aged >65 years accounted for 69% and 61%,
respectively. Non-exertional mechanisms were seen in 66% patients. Some mild-to-moderate
patients had severe symptoms: 18% had a high body temperature (>40°C), 15% had a GCS
score <8, 64% had liver damage, and 77% had renal dysfunction. DIC and in-hospital death
occurred in 28% and 15%, respectively, of the “severe” patients, and in 23% and 5%, respec-
tively, of the “mild-to-moderate” patients. Among the severe cases, rehydration-only therapy
was mostly provided to individuals aged >65 years. No apparent differences existed in the
characteristics between therapies provided to patients in the “severe” and “likely to be severe”
categories.

Among the severe cases, rehydration-only therapy was significantly associated with higher
in-hospital mortality (aOR, 3.29; 95% CI: 1.21-8.90). Among the mild-to-moderate patients,
cooling methods were not associated with lower mortality (aOR, 2.32; 95% CI: 0.92-5.84).
Lower GCS scores and the presence of DIC were associated with an increased risk of in-hospi-
tal deaths among the “severe” and “likely to be severe” cases. The presence of liver damage was
associated with a higher in-hospital mortality only in the severe cases (Table 2).

Among 1773 patients with partial missing data, 102 patients were categorized as “severe;”
161 patients, as “likely to be severe;” 1405 patients, as “mild-to-moderate;” and 105 patients, as
“unknown severity” (S1 Table). In-hospital death rates were higher for “severe” and “likely to
be severe” patients who received rehydration-only therapy than for those who received active
cooling: 33% vs. 22%, respectively, and 29% vs. 23%, respectively. These rates were lower
among “mild-to-moderate” patients (1% vs. 4%) and “unknown severity” patients (0% vs.
14%). S2 Table presents the results of the univariate analysis. S3 Table presents the characteris-
tics of the excluded patients with missing data; the findings did not differ from those of the
included patients.

Discussion

This study compared the prognosis of heat stroke and heat exhaustion patients treated with
active cooling methods or with rehydration-only therapy using data from a nationwide heat
stroke and heat exhaustion registry database. This study showed that, after adjusting for poten-
tial covariates, patients with severe cases of heat illnesses in which active cooling was adminis-
tered were more likely to survive hospitalization than those who received rehydration-only
therapy. Our findings suggest that active cooling is important to improve the outcomes of
severe heat illness patients. Rehydration is an important component of heat illness manage-
ment; however, it may not provide sufficient benefit to severe cases without concurrent active
cooling.
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Table 1. Distribution of factors potentially associated with patient prognosis after heat illness onset.

_ Cooling method

Severe group

Active cooling (n =200) Rehydration-only therapy (n =31) Active cooling (n =334) Rehydration-only therapy (n = 244)
a b a b

Mild-to-moderate group

[ O B n (%) Y a0
In-hospital deaths,n (%) 43(215) 11655) 1369 14(57) ,
Cooling method, n (%) S : R . N
Exclusively external cooling 91 (45.5) 1 0(0.0) 242 (72.5)
Exclusively internal cooling ~13(6.5) 0(0.0) 1760 | B
Combinedcooling A 96(480) 00 175025
Rehydration-only therapy ~ (0(0.0) 31 (100.0) _10000) .
Male patient, n (%) 142 (71.0) 16 (51.6) {229 (68.6)
Age (y), n (%) | - L
0-14 0 (0.0) 0 (0.0) B 51(1.5) 3(1.2) -
15-44 i 27 (13.5) 2(6.5) 44 (13.2) 44 (7178.0)
45-64 67335 265 71(213) sy
65-74 ) 37”(718.75) o 12(3877) o 60 (18.0) 44 (7l§:07)”” - A
275 ) AM, 157(48.4) 1154 (46.1) 101 (41.4)
Study year, n (%) B T ) | o .
2010 _69(345) 1162 %48 . eaze)
2012 207(10.0) 3 (97) ] 25(7.5) (24 (9.8) ]
2014 14 (7.0) 7 (22.6) 149 (14.7) 16 (6.6) )
2017 8 (4.0) 0(0.0) 22 (6.6) 134 (13.9)
2018 33 (16.5) 8(25.8) 76 (22.8) 42 (17.2)
2019 o ~56(28.0) 12(38.7) . 68(204) 85(348) - )
Onset situation, n (%) X
Non-exertional 133 (66.5) 25 (80.6) 227 (68.0) 148 (60.7)
Exertional | 67(33.5) 6(19.4) 107 (32.0) 1 96(39.3)
Core body temperature (°C), n
(%) i |
42.0+ 55(27.5) 5(16.1) 5(1.5) 1 0(0.0)
41.0-41.9 85 (42.5) 13 (41.9) 120 (16.0) 4(16)
40.0-40.9 60 (30.0) 13 (41.10) 58 (17.4) 19 (7.8)
39.0-39.9 0(0.0) 0(0.0) ~119(356) 145(184)
<389 00 009 BETC T M £, 1%
Glasgow Coma Scale score, n (%) S Ee 3 N— : KNS
325 _151(75.5) X Jauery) 137(LD) 1467 "
68 _49(245) 10(32.3). 26 (7.8) 12(49) -
9-14 ) 0O  0(0.0 . 217(65.0) 133 (54.5) o o
I 0(0.0) ~ . 0(0.0) 154(162) 85(34.8)
Liver damage, number (%) ¢ ) i I i o
Present 169 (84.5) 1 25(80.6) 221 (66.2) 1 148 (60.7)
Renal dysfunction, number (%) i , B
Present 180 (90.0) 27 (87.1) 261 (78.1) : 186 (76.2)
DIC, n (%) &
(Continued)
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Table 1. (Continued)

Cooling method S S
Devers group _| Mild-fo-moderate group

Active cooling (n =200) Rehydration-only therapy (n=31) Active cooling (n =334) Rehydration-only therapy (n = 244)
a b a b

n (%) n (%) ne)  nCe)
57 (285) ; ) 7778 (25.8) o 49 (14.7) 37(15.2)

* Includes exclusively external, exclusively internal, and combined cooling. External cooling is the cooling of body surfaces through cold-water immersion, evaporative
plus convective cooling, and body-cooling units. Internal cooling is the cooling of the body cavity through gastric lavage and bladder irrigation with ice water,
intravascular ice cradle, and temperature management by extracorporeal membrane oxygenation. Combined cooling is the combination of internal and external cooling
methods.

® Fluid replacement without active cooling.

¢ Indicates the year when the Heat stroke Study was conducted.

¢ Non-exertional onset condition is the onset of heat illness during participation in daily activities; exertional onset condition is the onset of heat illness during
participation in sports and labor.

¢ Damage, as indicated by an aspartate transaminase level of >30 U/L (0.5 pkat/L) or an alanine aminotransferase level of >42 U/L (men: 0.7 pkat/L) or >23 U/L
(women: 0.38 pkat/L).

f Dysfunction, as indicated by a creatinine level of >1.07 mg/dL (men: 94.61 umol/L) or >0.80 mg/dL (women: 70.74 pmol/L).

& Disseminated intravascular coagulation (DIC), defined as a score >4, based on the Japanese Association for Acute Medicine scoring system.

https://doi.org/10.1371/journal.pone.0259441.t001

By contrast, active cooling was not associated with lower mortality among patients with
mild-to-moderate cases. This finding does not imply that active cooling is useless in cases of
heat exhaustion. Mortality rates among mild-to-moderate cases may be too low to detect dif-
ferences. Other prognostic variables such as neurological complications could more appropri-
ately be used to evaluate the treatment effects. However, they are not available in the database.

The large scale of this study allowed us to evaluate the benefits of active cooling in heat ill-
ness patients by using the patients’ prognosis as the endpoint rather than by using a proxy
measure. Severe heat stroke that results in death is a rare condition; therefore, single-center
studies cannot include a sufficient number of severe cases to evaluate treatment effects on mor-
tality. Most previous studies have consequently used proxy measures such as the speed of low-
ering the core body temperature [36] to evaluate treatment effects among mild-to-moderate
cases (i.e., heat exhaustion) that had mostly no severe outcomes (i.e., mortality or complica-
tions) [12].

In addition, we determined the associations between active cooling and patients with heat
illness and compared these with those of patients who received rehydration-only therapy.
Active cooling is the standard treatment for severe heat stroke; therefore, a small proportion of
patients receive rehydration-only therapy [29]. Our multicenter study included a sufficient
number of these patients to allow comparisons.

We did not explore why some patients, particularly patients in the “severe” group, did not
receive active cooling, although it is the standard therapy. A possibility is that emergency phy-
sicians who prescribed rehydration-only therapy may have overestimated its effects of enhanc-
ing blood flow for heat exchange [37]. An alternative reason is that they may have hesitated
using active cooling because of peripheral vasoconstriction and shivering, which may delay
surface heat exchange and temperature reduction [38]. However, we observed the insufficiency
of rehydration-only therapy to improve patients’ prognosis. We should suggest that guidelines
strongly recommend the application of active cooling methods to heat illness patients.

This study has several limitations. First, compared to interventional studies, the observa-
tional nature of the study limits the inference of causality. Nonetheless, ethical concerns
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Table 2. Odds ratios of factors potentially associated with patient prognosis after heat illness onset.

Heat stroke (severe) Heat erxhaustior_lr (mi}d—_tgjmoderate)

i - e =23y (n=578) L
R - ~ cOR (95% CI) ~aOR(95%CI) ~ cOR(95%CI) ~  aOR(95%CI)
Cooling methods (ref: active cooling) 0 B ) ) ) o
 Rehydration-only therapy " 2.01 (0.89-4.51) 329 (1.21-8.90) | 1.50 (0.69-3.26) 232 (0.92-5.84)
e e I
Male 0.90 (0.47-1.73) 11.34 (0.60-2.99) 1053 (0.25-1.17) 0.80 (0.31-2.11)
Age (ref: 564) ) . ‘ -
ey L L0920 074(032-169)  280(104-749) 245 (076-7.92)
Study year (ref: 2017-2019) ) | i fo
- 2010-2014 0.58 (0.31-1.07) 0.53 (0.26-1.07) 0.98 (0.89-1.09) 176 (0.72-4.30)
Onset situation (ref: exertional) < L - i L B |
_ Nomexertional  143(072-283)  127(054-296) 325(L11-953)  201(0.56-7.14)
Core body temperature (ref: <40.9°C) . = | = 000 S A
. >410C ) 1.84(0.90-3.75)  148(0.67-3.29) - 0.00 (0.00-) 0.00 (0.00-)
Glasgow Coma Scale score (ref: 6-15) | |
3-5 4.30 (1.62-11.40) 4.76 (1.64-13.78) 14.96 (6.55-34.15) 15.56 (5.90-41.04)
Liver damage (ref: absent) © | i
~ Present 404(119-13.73)  3.09(0.85-11.24) | 4.78 (1.42-16.06) 13.36 (0.92-12.31)
Renal dysfunction (ref: absent) i |
Present 3.69 (0.84-16.23) 3.28 (0.68-15.75) 2.42 (0.71-8.17) - 1.03(0.27-3.92)
DIC (ref: DICscore <4)% ) N . R R
DIC score >4 3.29 (1.73-6.24) 4.17 (1.96-8.87) 5.16 (2.32-11.45) 3.39(1.34-8.59)

All variables were dichotomized before single variable and multivariable logistic analyses.

cOR: crude odds ratio (univariate analysis), aOR: adjusted odds ratio (multivariable analysis).

* Includes exclusively external, exclusively internal, and combined cooling.

® Fluid replacement without active cooling.

¢ Year when the Heat stroke Study was conducted.

¢ Non-exertional onset situation is the onset of heat illness during participation in daily life activities. Exertional onset situation is the onset of heat illness during
participation in sports and labor.

¢ Damage, as indicated by an aspartate transaminase level of >30 U/L (0.5 pkat/L) or alanine aminotransferase level of >42 U/L (men: 0.7 pkat/L) or >23 U/L (women:
0.38 pkat/L).

" Dysfunction, as indicated by a creatinine level of >1.07 mg/dL (men: 94.61 umol/L) or >0.80 mg/dL (women: 70.74 umol/L).

# Disseminated intravascular coagulation (DIC), defined as a score >4, based on the Japanese Association for Acute Medicine scoring system.

https://doi.org/10.1371/journal.pone.0259441.t002

prevent a study design in which patients are assigned rehydration-only therapy instead of the
standard treatment (i.e., active cooling). Second, we were unable to collect standardized data
on the influence of cooling speed, target temperature, and different types of external cooling
methods because of interinstitutional differences and lack of specific guidelines regarding
active cooling methods. Therefore, some patients may have received active cooling at a slower
than recommended speed [38, 39]. This factor could have reduced the improvement of active
cooling patients’ outcomes, but we were able to demonstrate its effectiveness. Therefore, this
limitation is unlikely to affect the results of this study.

Third, we did not collect data on the treatment of injured organs after body cooling. We
assumed that timely body cooling could prevent organ injuries; moreover, no recommended
treatments for organ injuries after active cooling among heat stroke patients exist [11]. There-
fore, non-adjustment for treatments in the multivariate model was unlikely to distort our
results.
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Finally, we excluded many patients because of missing data. Among these, “severe” or
“near-severe” patients had increased in-hospital mortality when receiving rehydration-only
therapy, whereas “mild-to-moderate” patients had not increased mortality when receiving
rehydration-only therapy. The severity, outcome, or applied cooling method were unknown in
a few individuals, but these lacking data did not affect the results. If these patients had been
included in the main analysis without the missing data, the efficacy of active cooling among
severe cases would have remained unchanged.

Conclusions

Active cooling was associated with lower in-hospital mortality among severe cases of heat ill-
ness than was rehydration-only therapy; however, this finding did not occur for mild-to-mod-
erate cases of heat illness. Our results support the recommendation of applying active cooling
to reduce the core body temperature in addition to rehydration therapy for heatstroke
patients.
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Original Article

Influence of the coronavirus disease 2019 (COVID-19)
pandemic on the incidence of heat stroke and heat
exhaustion in Japan: a nationwide observational study
based on the Heatstroke STUDY 2019 (without COVID-19)
and 2020 (with COVID-19)
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Aim: To assess heat stroke and heat exhaustion occurrence and response during the coronavirus disease 2019 pandemic in Japan.

Methods: This retrospective, multicenter, registry-based study describes and compares the characteristics of patients between the
months of July and September in 2019 and 2020. Factors affecting heat stroke and heat exhaustion were statistically analyzed.
Cramér’s V was calculated to determine the effect size for group comparisons. We also investigated the prevalence of mask wearing
and details of different cooling methods.

Results: No significant differences were observed between 2019 and 2020. In both years, in-hospital mortality rates just exceeded
8%. Individuals >65 years old comprised 50% of cases and non-exertional onset (office work and everyday life) comprised 60%-70%,
respectively. The recommendations from the Working Group on Heat Stroke Medicine given during the coronavirus disease pandemic
in 2019 had a significant impact on the choice of cooling methods. The percentage of cases, for which intravascular temperature man-
agement was performed and cooling blankets were used increased, whereas the percentage of cases in which evaporative plus con-
vective cooling was performed decreased. A total of 49 cases of heat stroke in mask wearing were reported.
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Conclusion: Epidemiological assessments of heat stroke and heat exhaustion did not reveal significant changes between 2019 and
2020. The findings suggest that awareness campaigns regarding heat stroke prevention among the elderly in daily life should be con-
tinued in the coronavirus disease 2019 pandemic. In the future, it is also necessary to validate the recommendations of the Working

Group on Heatstroke Medicine.

Key words: Active cooling, COVID-19, heat exhaustion, heat stroke, mask wearing

INTRODUCTION

EAT STROKE AND heat exhaustion are growing pub-

lic health concerns worldwide because of the increas-
ing frequency of heat waves. In Japan, 43,060 patients with
heat stroke and heat exhaustion were transported by ambu-
lance in August 2020 alone.' Moreover, coronavirus disease
2019 (COVID-19) has similar clinical symptoms, including
fever and disturbance of consciousness, making it difficult
to differentiate from heat stroke.”> Compounded with the
ongoing pandemic, as of September 1, 2021, the COVID-19
pandemic has resulted in more than 1,500,000 cases and
16,000 deaths.’

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has been reported to survive for several hours in air-
borne aerosols and COVID-19 may be transmitted through
microparticles and vectors.* In an attempt to curtail trans-
mission, mask wearing has become a key preventative
behavior during the COVID-19 pandemic. Although there
are no known reports of an increase in the number of heat
stroke patients after wearing masks, studies have shown that
mask wearing increases oral and tympanic membrane tem-
perature and increases the risk of heat illness during summer
by increasing the temperature of inhaled air.>

SARS-CoV-2 is present not only in the upper respiratory
tract, but also in the stool, urine, and blood, and viral parti-
cles have been detected in these for at least 2 weeks after
contamination.” Therefore, it should be assumed that SARS-
CoV-2 is present on body surfaces and in exhaled air. More-
over, evaporative plus convective cooling is one of the most
common active cooling methods for heat stroke and may
produce aerosols when water evaporates from the body sur-
face.¥"! As such, the risk of viruses on the body surface
spreading infection via aerosols generated on the body sur-
face cannot be ruled out in evaporative plus convective cool-
ing methods against heat stroke with COVID-19. Therefore,
to strengthen and improve infection control against COVID-
19, it is necessary to adopt preventive measures and treat-
ments for heat stroke and heat exhaustion.”

The Japanese Association for Acute Medicine (JAAM)
Heatstroke and Hypothermia Surveillance Committee jointly
established the Working Group on Heatstroke Medical Care

given the COVID-19 epidemic with the Japanese Society for
Emergency Medicine, Japanese Association for Infectious
Diseases, and Japanese Respiratory Society. Recommenda-
tions for mask wearing include the avoidance of long-term
exercise for >1 hour and to select an alternative cooling
method to the evaporative plus convective cooling method,
depending on the experience and conditions at each facility.>
The JAAM Heatstroke and Hypothermia Surveillance Com-
mittee has been conducting a 3-year epidemiological study
on heat stroke and heat exhaustion from 2019 to 2021 (Heat-
stroke STUDY [HsS] 2019-2021) independent of the
COVID-19 pandemic. This study aimed to provide an
interim report comparing data from 2019 and 2020 to clarify
the effects of the COVID-19 pandemic on the incidence of
heat stroke and heat exhaustion in Japan. By retrospectively
comparing data before (2019) and during (2020) the pan-
demic, we aimed to understand the characteristics of the
incidence of heat stroke in the context of the COVID-19
pandemic.

METHODS

Study design

HIS RETROSPECTIVE, OBSERVATIONAL, multi-

center, registry-based study used data from the HsS
2019 and 2020, a nationwide periodical and prospectively
collected registry of patients with heat stroke and heat
exhaustion. Patient characteristics in HsS 2019 and 2020
were compared. The protocol for this research project was
approved by the Teikyo University Ethical Review Board
for Medical and Health Research (approval no. 17-021-5)
and that of each participating hospital, and conforms to the
provisions of the Declaration of Helsinki. Informed consent
was provided in a manner specified by the ethics committee
of each institution for this study, and data from patients who
did not wish to participate were excluded.

The JAAM Heatstroke and Hypothermia Surveillance
Committee conducted the HsS 2019 and 2020 between the
months of July and September in 2019 and 2020, in which
109 and 142 hospitals participated, respectively. The regis-
tered cases were defined as hospitalized patients who were
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treated as having heat stroke and heat exhaustion in the
emergency department, based on symptoms (high body tem-
perature and signs of dehydration, such as dizziness, myal-
gia, headache, nausea, convulsions, disturbance of
consciousness, and convulsions) and a history of exposure
to hot environments.

Physicians collected patient data from medical records
and registered the data in the HsS 2019 and 2020 study
repository using a web-based data collection system.
Detailed information on symptom onset (patients’ activity
and environment of heat illness onset), demographic data
(age, sex, height, and weight), clinical data at hospital arrival
(bladder or rectal temperature, Glasgow coma scale [GCS]
score, and laboratory data on liver, hepatic, and coagulation
functions), and information on cooling methods and in-
hospital deaths were collected. In HsS 2020, data on mask
wearing at the time of onset were also collected.

Variables

Deep body temperature was classified into five levels:
>42.0°C, 41.0-41.9°C, 40.0-40.9°C, 39.0-39.9°C, and
<38.9°C. The measurement sites were classified as follows:
rectum, bladder, esophagus, tympanic membrane, intravas-
cular, brain, and other than the above. Cooling methods
were classified as active cooling therapy or rehydration-only
therapy used in hospitals. Active cooling included internal,
external, and combined cooling; all patients who were trea-
ted with active cooling were also treated with rehydration
therapy. Active cooling methods used in the participating
facilities were categorized as external cooling (cooling of
body surfaces via evaporative plus convective cooling, the
Arctic Sun temperature management system, cooling blan-
ket, and cold-water immersion), internal cooling (cold-water
gastric lavage, intravascular temperature management, cold-
water bladder irrigation, renal replacement therapy, and
extracorporeal membranous oxygenation), or combined
cooling (combinations of internal and external cooling meth-
ods). The classification of the cooling methods did not over-
lap, although multiple answers were permitted. Rehydration-
only therapy comprised intravenous fluid replacement with-
out active cooling, in which extracellular fluid (such as lac-
tate or acetate Ringer’s solution) was typically used.

Onset environment was classified as exertional (manual
labor and sports) and non-exertional (office work and every-
day life). Liver damage was defined as aspartate transami-
nase levels >30 U/L or alanine aminotransferase levels
>42 U/L in men and >23 U/L in women. Renal dysfunction
was defined as creatinine >1.07 mg/dL in men and
>0.80 mg/dL in women. The JAAM disseminated intravas-
cular coagulation (DIC) score was calculated, and DIC was

defined as a score of >4. The DIC score assesses DIC sever-
ity ranging from 0 (mild) to 6 (severe), depending on sys-
temic inflammatory response syndrome, thrombocytopenia,
prothrombin time international normalized ratio prolonga-
tion, and increases in D-dimer levels.'?

To quantify the severity of the patients’ condition, we
used the JAAM Heatstroke Criteria (JAAM-HS criteria) and
early risk assessment tool for detecting clinical outcomes in
patients using a heat-related illness (J-ERATO) score. Based
on JAAM-HS criteria, degree III (severe) was defined as any
of the following: unconscious (Glasgow coma scale <14),
liver damage, renal dysfunction, and DIC, whereas degree
I-1IT (mild to moderate) was defined as the absence of these
symptoms.'® The J-ERATO score comprises six items (res-
piratory rate, GCS, systolic blood pressure, heart rate, body
temperature, and age), each scoring 0 or 1, with a total score
of 0-6 (mild, 0-1; moderate, 2-4; severe, 5-6).'* The
JAAM-HS criterion is a hospital assessment, and the J-
ERATO score is a pre-hospital assessment. Although both
include awareness level in the assessment items, they are
independent severity assessment criteria.

Data analysis

To understand the impact of the COVID-19 pandemic, we
described and compared the characteristics of patients in the
HsS 2019 and HsS 2020. Statistical analysis was performed
on factors of heat stroke and heat exhaustion, which include
in-hospital deaths, cooling methods, sex, age, onset situa-
tion, mask wearing, deep temperature, GCS, liver damage,
renal dysfunction, DIC, JAAM-HS criteria, and J-ERATO
score. Missing values for each item were unknown cases
and, therefore, excluded, and the ratio of each item between
HsS 2019 and HsS 2020 was calculated and compared. In
addition, we compared the in-hospital mortality rate and
deep body temperature between mask wearers and non-
mask wearers.

Cramér’s V was calculated to determine the effect size for
group comparisons; P < 0.05 and V > 0.2 were defined as
indicating statistical and practical significance, respec-
tively.'"> We only considered the ratio of mask wearing and
details of cooling methods. SPSS Statistics version 28 (IBM
Corporation) was used for the data analysis.

RESULTS

Study participants

TOTAL OF 1,766 cases were included in the study. In
HsS 2019, 734 patients were enrolled, of whom 247
received active cooling, 414 were treated with rehydration-
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|Registration and Analyzed

1766]

Heat stroke STUDY 2019 734
Active coolomg 247
Exclusively external cooling 170
Exclusively internal cooling 15
Combined cooling 62
Rehydration-only therapy 414
Unknown 73

Heat stroke STUDY 2020 1032
Active coolomg 289
Exclusively external cooling 187
Exclusively internal cooling 39
Combined cooling 63
Rehydration-only therapy 673
Unknown 70

Fig. 1. Participants of the Heatstroke STUDY 2019 and 2020 categorized by cooling method.

only therapy, and 73 were treated with unknown cooling
methods. In HsS 2020, 1,032 patients were enrolled, of
whom 289 received active cooling, 673 were treated with
rehydration-only therapy, and 70 were treated with unknown
cooling methods (Fig. 1).

Factors of heat stroke and exhaustion

No significant differences were observed between HsS 2019
and HsS 2020 in terms of in-hospital deaths, cooling meth-
ods, sex, age, onset situation, mask wearing, deep tempera-
ture, measurement sites, GCS, liver damage, renal
dysfunction, DIC, JAAM-HS criteria, and J-ERATO score.
In both groups, in-hospital mortality rates just exceeded 8%.
In HsS 2020, 49 cases (18.6%) were reported while mask
wearing. In both HsS 2019 and HsS 2020, men comprised
~70% of cases, and individuals older than 65 years com-
prised 50% of cases. Non-exertional onset (office work and
everyday life) and exertional onset (manual labor and sports)
comprised 60%—70% and 30%-40% of cases, respectively.
Regarding factors at the time of hospital visits, the deep
body temperature was >40°C in <40% of patients. Deep
body temperature was measured primarily in the rectum and
bladder (Table 1). Of the cases, 25%—30% presented with
severely impaired consciousness with GCS 3-8. Liver dam-
age, renal dysfunction, and DIC were observed in 70%,
80%, and 20% of cases, respectively. Based on JAAM-HS
criteria, degree III constituted the majority of cases (>97%).
Mild (0-2), moderate (2-4), and severe (5-6) J-ERATO
scores were observed in over 10%, ~50%, and just under
40% of cases, respectively (Table 1).

The proportion of individuals with a deep body tempera-
ture of <40.0°C was greater among mask wearers than
among non-mask wearers, whereas the in-hospital mortality
rate was lower for the former than for the latter (Table 2).

Cooling methods

Evaporative plus convective cooling, cold-water gastric
lavage, intravascular temperature management, and cooling

blankets were used in >10% of cases. In all cases, in which
active cooling was performed, cooling methods that
increased the ratio by >3.0% were intravascular temperature
management and cooling blankets, whereas those that
decreased the ratio by >3.0% were evaporative plus convec-
tive cooling and the Arctic Sun temperature management
system. No changes >3.0% were observed for cold-water
gastric lavage, cold-water bladder irrigation, cold-water
immersion, renal replacement therapy, or extracorporeal
membranous oxygenation. In this study, we only observed
the changes in 2019 and 2020, and did not perform any sta-
tistical study (Table 3).

DISCUSSION

HIS NATIONWIDE OBSERVATIONAL study exam-
ined the effects of the COVID-19 pandemic on the inci-
dence of heat stroke and heat exhaustion in Japan using data
from HsS 2019 and 2020. Epidemiological assessments of
heat stroke and heat exhaustion did not reveal any significant
changes between 2019 and 2020. Indeed, the observation that
~ 60% of cases were non-exertional, ~ 70% were men, and
the majority of cases occurred in individuals age >65 years
has not changed from HsS 2017 to HsS 2018.'® The current
findings suggest that the incidence of heat stroke and heat
exhaustion in Japan has not changed significantly as a result
of the ongoing COVID-19 pandemic. Nevertheless, it is
advisable to continue conventional activities to raise aware-
ness to prevent heat stroke and heat exhaustion given the high
incidence of these conditions in the elderly population.'”
Based on the JAAM recommendations, we assumed that
many facilities changed their cooling methods from evapora-
tive plus convective cooling to intravascular temperature
management or cooling blankets.> Aerosol generation in
evaporative plus convective cooling warrants verification,
although if its risk is indeed confirmed, JAAM recommenda-
tions may have been effective in preventing the occurrence
of COVID-19 clusters in medical institutions.
Further, we identified an increase in the proportion of
patients receiving rehydration-only therapy. This may be
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Table 1. Patient characteristics in 2019 and 2020

2019 (n = 734) 2020 (n = 1032) V P
n (%) n (%)
In-hospital deaths, number (%)
In-hospital deaths 54 (8.5) 76 8.2) 0.004 0.879
Unknown 95 109
Cooling methods, number (%)
Exclusively external cooling 170 (25.7) 187 (19.4) 0.105 <0.001
Exclusively internal cooling 15 (2.3) 39 (4.1)
Combined cooling 62 (9.4) 63 (6.5)
Rehydration-only therapy 414 (62.6) 673 (70.0)
Unknown 73 70
Sex, no. (%)
Male 498 (67.9) 717 (70.1) 0.023 0.336
Unknown 1 9
Age, Y, no. (%)
0-14 13 (1.8) 22 (2.1) 0.041 0.556
15-44 107 (14.6) 132 (12.8)
45-64 151 (20.7) 197 (19.1)
65-74 132 (18.1) 180 (17.5)
75+ 328 (44.9) 498 (48.4)
Unknown 3 3
Onset situation, no. (%)
Non-exertional 456 (63.7) 669 (66.2) 0.026 0.286
Exertional 260 (36.3) 342 (33.8)
Unknown 18 21
Mask wearing, no. (%)
Mask wearing - 49 (18.6) - -
No mask wearing - 215 (81.4)
Unknown 734 768
Deep body temperature, °C, no. (%)
>42.0 26 (7.3) 15 (3.9) 0.103 0.099
41.0-41.9 53 (15.0) 43 (11.1)
40.0-40.9 68 (19.2) 74 (19.2)
39.0-39.9 74 (20.9) 95 (24.6)
<38.9 133 (37.6) 159 (41.2)
Unknown 380 646
Glasgow coma scale score, no. (%)
3-5 126 (18.3) 148 (14.8) 0.061 0.103
6-8 62 (9.0) 93 9.3)
9-14 272 (39.4) 376 (37.6)
15 230 (33.3) 383 (38.3)
Unknown 44 32
Measurement site, no. (%)
Rectum 114 (32.7) 115 (30.4) 0.093 0.283
Bladder 219 (62.8) 240 (63.5)
Esophagus 4 (1.1) 3 (0.8)
Tympanic membrane 10 (2.9) 18 (4.8)
Intravascular 2 (0.6) 0 (0.0
Brain 0 (0.0 0 (0.0)
Other than above 0 (0.0 2 (0.5)
Unknown 385 654
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Table 1. (Continued)

2019 (n = 734) 2020 (n = 1032) V P
n (%) n (%)
Liver damage, no. (%)
Having liver damage 433 61.9) 682 67.9) 0.063 0.010
Unknown 34 28
Renal dysfunction, no. (%)
Having renal dysfunction 528 (75.5) 851 (84.4) 0.111 <0.001
Unknown 35 24
DIC, no. (%)
Having DIC 110 (24.0) 137 (19.2) 0.057 0.049
Unknown 276 319
JAAM-HS criteria, no. (%) 0.004 0.854
I-II (mild to moderate) 18 (2.6) 28 2.8
Il (severe) 663 (97.4) 975 (97.2)
Unknown 53 29
J-ERATO score, no. (%)
0 18 (3.2) 23 (3.0) 0.071 0.354
1 50 (8.9) 83 (10.7)
2 69 (12.3) 105 (13.6)
3 81 (14.5) 129 (16.7)
4 128 (22.9) 160 (20.7)
5 174 (31.1) 206 (26.6)
6 39 (7.0) 67 (8.7)
Unknown 175 289

We calculated the ratio (%) and Cramér’s V after excluding patients with unknown data in each category.
DIC, disseminated intravascular coagulation; J-ERATO score, the early risk assessment tool for detecting clinical outcomes in patients with
heat-related illness score; SOFA score, the sequential organ failure assessment score.

Table 2. Characteristics and prognoses of patients who wore masks and those who did not

Mask wearers (n = 49) Non-mask wearers (n = 215) \Y P
n (%) n (%)
In-hospital deaths, no (%)
In-hospital deaths 1 2.1) 23 (11.8) 0.130 0.043
Unknown 1 20
Deep body temperature, °C, no. (%)
>42.0 0 (0.0) 2 (2.0) 0.187 0.382
41.0-41.9 2 (10.0) 8 (8.0)
40.0-40.9 2 (10.0) 28 (28.0)
39.0-39.9 5 (25.0) 26 (26.0)
<38.9 11 (55.0) 36 (36.0)
Unknown 29 115

We calculated the ratio (%) and Cramér’s V after excluding all unknown patients in every category.

because of the recommendation to avoid the evaporative cooling is lacking, and many facilities may find it difficult to
plus convective cooling method. Nevertheless, evidence measure the actual liquid temperature of the infusion stored
supporting cooling rehydration-only therapy for active in a refrigerator.” Therefore, we caution against the easy use
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Table 3. Details of active cooling in 2019 and 2020

Cooling methods’ 2019 (n = 247) 2020 (n = 289)
n (%) n (%)

Cold-water gastric lavage

Internal cooling 34 (13.4) 38 (13.1)
Intravascular temperature

management

Internal cooling 27 (10.7) 44 (15.2)
Cold-water bladder

irrigation

Internal cooling 13 (5.1) 10 (3.5)
Renal replacement

therapy

Internal cooling 3 (1.2) 1 (0.3)
Extracorporeal

membranous

oxygenation

Internal cooling 2 (0.8) 0 (0.0)
Evaporative plus

convective cooling

External cooling 197 (77.9) 178 (61.6)
The Arctic Sun

temperature

management system

External cooling 17 (6.7) 8 (2.8)
Cooling blanket

External cooling 16 (6.3) 39 (13.5)
Cold-water immersion

External cooling 13 (5.1) 8 (2.8)

Unknown 12 (4.7) 23 (8.0)

TExternal cooling included the cooling of body surfaces via evap-
orative plus convective cooling, the Arctic Sun temperature
management system, cooling blanket, and cold-water immer-
sion; internal cooling included cold-water gastric lavage,
intravascular temperature management, cold-water bladder irri-
gation, renal replacement therapy, and extracorporeal membra-
nous oxygenation; and combined cooling included combinations
of internal and external cooling methods.

of rehydration-only therapy, regardless of the liquid temper-
ature of the infusion.

The onset of heat stroke and heat exhaustion during mask
wearing had not been reported before 2019, but was con-
firmed in HsS 2020.% In this survey, although the mask
wearing group tended to have more minor cases than did the
non-mask wearing group, there were many unknown cases
and only a few cases were actually reported. Accordingly, it
is necessary to examine the details of the onset pattern to
control COVID-19 and to prevent heat stroke and heat
exhaustion.

This study has three main limitations. First, we did not
perform a survey of the entire population. Therefore, the
study may not directly reflect the actual situation, but may
afford an inference of the general situation in the country or
in a particular region. Second, this study did not examine
the cooling methods according to disease severity. A com-
prehensive assessment of the type of treatment may be con-
sidered acceptable, although the severity and background of
the patients must be matched to investigate the effects of
cooling methods. Finally, hospitalized patients with heat
stroke and heat exhaustion were included in this study,
although the criteria for admission often depended on each
institution and patient background; as such, the admission
criteria may not have been uniform. Nevertheless, this is
acceptable in this study because the purpose of this report
was to provide a summary of a larger epidemiological study,
although future studies using data from this registry should
ensure that admission criteria are standardized.

CONCLUSION

HIS REPORT EXAMINED the impact of the COVID-

19 pandemic on the incidence of heat stroke and heat
exhaustion in Japan by comparing data from HsS 2019 and
HsS 2020. Epidemiological assessments of heat stroke and
heat exhaustion did not reveal significant changes between
2019 and 2020. Many facilities altered their cooling meth-
ods based on recommendations by the Working Group on
Heatstroke Medical Care, which recommended the selection
of alternative cooling methods to the evaporative plus con-
vective cooling given the COVID-19 pandemic. This study
shows that awareness of heat stroke prevention among the
elderly in daily life should be continued in the COVID-19
pandemic as in the past. It is also necessary to validate the
recommendations of the Working Group on Heatstroke
Medical Care.
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Wearing a face mask during controlled-intensity exercise is
not a risk factor for exertional heatstroke: A pilot study
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Aim: This study aimed to measure the influence of wearing face masks on individuals’ physical status in a hot and humid
environment.

Methods: Each participant experienced different physical situations: (i) not wearing a mask (control), (i) wearing a surgical mask, (iii)
wearing a sport mask. An ingestible capsule thermometer was used to measure internal core body temperature during different exer-
cises (standing, walking, and running, each for 20 min) in an artificial weather room with the internal wet-bulb globe temperature set
at 28°C. The change in the participants’ physical status and urinary liver fatty acid-binding protein (L-FABP) were measured.

Results: Six healthy male volunteers were enrolled in the study. In each participant, significant changes were observed in the heart
rate and internal core temperatures after increased exercise intensity; however, no significant differences were observed between

these parameters and urinary L-FABP among the three intervention groups.
Conclusion: Mask wearing is not a risk factor for heatstroke during increased exercise intensity.

Key words: COVID-19, dehydration, heatstroke, mask, prevention

INTRODUCTION

INCE THE DISCOVERY of the coronavirus disease

(COVID-19), significant changes have been made to
people’s lifestyles, including avoidance of closed and cro-
wed places, social distancing measures, and wearing of
masks to prevent the spread of infection. Considering the
significant amount of time an individual wears a mask, it is
important to consider the balance between heat exhaustion
prevention and daily life activity, and to ensure physical
cooling to prevent heatstroke. Moreover, patients with
COVID-19 commonly present with fever and hyperthermia,
causing difficulties in distinguishing between heatstroke and
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these symptoms.'-* Thus, there is an urgent need to discuss
the prevention of heatstroke during this pandemic.

However, the influence of exercise in a hot and humid
environment while wearing a mask on the incidence of heat-
stroke remains unclear.

Therefore, we aimed to measure the influence of wearing
masks on the physical status of humans in artificial hot and
humid environments.

MATERIALS AND METHODS

Experimental design, subjects, and
intervention

HIS WAS A prospective experimental study that
included human subjects.

Healthy young volunteers without physical or health
problems were included in this study. The participants with
high (>37.5 °C) body temperature were excluded. Each par-
ticipant was exposed to different physical situations, as fol-
lows: (i) not wearing a mask (control), (ii) wearing surgical
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mask (3M surgical mask; bacterial filtration efficiency
[BFE], 99%; particle filtration efficiency [PFE], 95%), (iii)
wearing a mask for sport use (UNIQLO Airism; BFE, 99%).

Six hours prior to the start of the experiment, the subjects
were instructed to stop eating, to ensure precise measure-
ment of the internal core body temperature using an ingest-
ible capsule thermometer (e-Celsius; BodyCap). An
emergency physician undertook a health examination on
each subject to confirm the stability of their physical status,
pre- and postexperiment.

The subjects swallowed an ingestible thermometer and
their physical baseline status was measured (body weight,
heart rate, respiratory rate, blood pressure, surface body tem-
perature, total body water content, and saturation of percuta-
neous oxygen [SpO,]). Subsequently, subjects were
instructed to perform exercises (standing for 20 min, then
walking for 20 min, and running for 20 min on a treadmill
[Biomill VO-2000; Sandme]) in an artificial weather room
in which the temperature was set at 28°C. The temperature
was measured using the internal wet-bulb globe temperature
(WBGT),? calculated with the equation: WBGT = 0.7 x
wet-bulb temperature + 0.3 x globe temperature.

The exercise intensity was decided using the Karvonen
formula (target heart rate = [(220 — age) — (resting heart
rate) x (% of exercise intensity)] + resting heart rate).4

A schematic drawing of the experiment is shown in
Figure 1. For each individual, the experiment phases
involved three steps: rest (% of exercise intensity = 0), walk-
ing (low intensity: % of exercise intensity = 20%), and run-
ning phase (moderate intensity: % of exercise intensity =
70%).> At each step, after deciding the target heart rate using
the Karvonen formula, the speed and tilt angle of the tread-
mill was increased every 2 min by the Bruce method.® After
reaching the targeted heart rate, the speed and tilt angle of
the treadmill were maintained for 20 min.

To ensure the participants’ safety, exercise was discontin-
ued when: (i) core body temperature reached 40°C, (ii)
SpO, decreased by less than 90%, (iii) the Borg scale,” a
scale of rate of perceived exertion, reached 17.

The definition of the incidence of heatstroke followed the
Japanese Association for Acute Medicine heatstroke
(JAAM-HS) criteria.® That is, the incidence of heatstroke
was diagnosed as any initial symptoms such as vertigo,
headache, vomiting, disturbance of consciousness, convul-
sion, ataxia, and delirium, under hot and humid situations.

One subject was tested every week with different situa-
tions with or without a mask; therefore, one subject was
tested three times in 3 weeks.

Before the experiment, the study aims and procedures
were fully explained to each participant; after receiving a
description of the experiment, they signed an agreement to
participate in the study. Thus, a statement of consent was
obtained from all participants. This study was approved by
the Institutional Review Board of Nippon Medical School
(A-2020-029).

Body water content

Body water content was measured twice (before and after
exercise) by multifrequency bioimpedance using a four-
paired electrode bioimpedance device’ (InBody 720). Addi-
tionally, several physical parameters, including total body
water content, muscle mass, and body fat percentage, were
measured.

Saturation of percutaneous oxygen and
Pleth variability index

To measure the respiratory status, the time of initial and
end SpO, were measured in each experimental trial.

WBGT 28°C (room temperature, 26°C; humidity, 80%)

3

Walking

Change A
Befor? 6h Start tcrggg%‘?" Goange, Finish
1 L—20min— «—20min ——  —_ 20min—
Taking
ingestible Measurement Measurement
capsule before starting load Measurement : every 2 min after finishing load
thermometer | |+ blood pressure « heart rate + blood pressure
« heart rate . Spo, « heart rate
* SpO, « respiratory rate * SpO,
« respiratory rate . core body temperature < respiratory rate
« core body - Borg scale « core body
temperature temperature
« Borg scale « Borg scale

Fig. 1. Schema of experiment to determine whether wearing a face mask is a risk factor for heatstroke during increased exercise
intensity. Each participant experienced different physical situations: (i) not wearing a mask (control), (i) wearing a surgical mask, or (iii)
wearing a mask for sport use. Sp0O,, percutaneous oxygen saturation; WBGT, wet-bulb globe temperature.
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Additionally, the Pleth variability index (PVI) was mea-
sured for intravenous fluid volume estimation.'® Both
SpO, and PVI were measured using a Radical-7 monitor
(Masimo).

Liver fatty acid-binding protein
measurement

To estimate the level of dehydration, the urinary concentra-
tion of liver fatty acid-binding protein (L-FABP) was mea-
sured.'' In each subject, urinary samples (5 ml) were
collected before and after exercise loading, and were stored
at —80°C. Before batch analysis, urine samples were
defrosted at air temperature. Urinary L-FABP concentrations
were analyzed using an enzyme-linked immunosorbent
assay with the Human L-FABP Kit (Sekisui Medical),
according to the manufacturer’s instructions.

Statistical analysis

A previous report stated that at least six participants are
needed to estimate the relationship between mask wearing
and physiological estimation.'> The numerical data are
presented as median and interquartile range. Categorical
variables were compared using Fisher’s exact test. The
influence of time, face mask type, and their interactions
on these human physiological and psychological
responses were analyzed using repeated two-way mea-
sures ANOVA and the Wilcoxon signed rank test. Stat-
Flex (Artech) was used to analyze the data. Statistical
significance was set at p < 0.05.

RESULTS

Subject characteristics

IX YOUNG JAPANESE men were included in this

study. Their median age was 19.5 years (interquartile
range, 19.0-21.0 years) and median body mass index was
232 g/m* (22.6 g/m*-24.1 g/m?). All patients had normal
and stable physical status. Additionally, all vital signs were
within normal range: baseline systolic blood pressure,
127.5 mmHg; baseline heart rate, 76.0 b.p.m.; baseline respi-
ratory rate, 18.0 breaths/min; and baseline SpO,, 98.0% in
room air (Table 1). None of the participants had any comor-
bidities. In addition, the physical data of all participants were
similar. The detailed characteristics are shown in Table 1.

Change over time of core temperature and
other vital signs

Core temperature and heart rate was significantly increased
when exercise intensity was increased (control, 37.4 °C—
38.8 °C; surgical mask, 37.2 °C-38.7 °C; and fabric sport
mask, 37.3 °C-38.7 °C; Figure 2). However, no significant
difference was observed among the three groups (p = 0.74,
Figure 3).

Saturation of percutaneous oxygen,
respiratory rate, and PVI

Saturation of percutaneous oxygen significantly decreased in
all six subjects (control, 98.0%-91.0%; surgical mask,

Table 1. Characteristics of human subjects (n = 6, male) in an experiment to determine whether wearing a face mask is a risk fac-

tor for heatstroke during increased exercise intensity

Subject no. 1 2 3 4 5 6 Median (IQR)

Age (years) 21 19 19 21 19 20 19.5 (19.0-21.0)
Height (cm) 177 169 175 162 176 160 172.0 (162.0-176.0)
Body weight (kg) 73.8 62.1 69.1 59.5 76.0 61.6 65.6 (61.6-73.8)
Body mass index (kg/m?) 23.6 21.7 22.6 22.7 245 241 23.2 (22.6-24.1)
Total body water contents (L) 443 384 44 4 36.2 43.6 328 41.0 (36.2-44.3)
Muscle mass (kg) 57.0 495 57.2 46.6 56.2 423 52.5 (46.0-57.0)
Body fat percentage (%) 17.9 15.6 12.2 17.0 21.3 27.5 17.5 (15.6-21.3)
Initial systolic blood pressure 111 125 111 141 144 130 127.5 (111.0-141.0)
(mmHg)

Initial diastolic blood pressure 76 73 62 86 96 76 76.0 (73.0-86.0)
(mmHg)

Initial heart rate (b.p.m.) 59 55 55 73 72 70 64.5 (55.0-72.0)
Initial respiratory rate (breaths/min) 17 18 18 18 22 24 18.0 (18.0-22.0)
Initial SpO, (%) 98 98 99 99 97 96 98.0 (97.0-99.0)

Abbreviation: IQR, interquartile range.
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Fig. 2. Change of heart rate (A-C) and core temperature (D-F) in healthy young men during increased-intensity exercise while not
wearing a mask (control), wearing a surgical mask, or wearing a mask for sport use. Heart rate (HR) and core temperature significantly
increased; however, no significant difference was observed between the three groups.
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Fig. 3. Change of core temperature before and after exercise among healthy young men who were not wearing a mask (A), wearing
a surgical mask (B), or wearing a sport mask (C). Core temperature significantly increased after exercise; however, no significant differ-
ence was observed between groups.
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97.0%-94.0%; and fabric sport mask, 98.0%-93.0%;
Figure 4A). However, no significant difference was
observed regarding SpO, decrease in the three groups
(p = 0.31). Conversely, respiratory rate was increased. How-
ever, no significant difference was observed in the three
groups (Figure 4B).

The PVI, a measure of intravenous fluid volume (a high
value of PVI indicates dehydration), significantly increased
in all six subjects (control, 26.6 to 32.0; surgical mask,
17.5-21.0; and fabric sport mask, 21.6-29.5; Figure 5);
however, no significant difference was observed among the
groups (p = 0.43, Figure 5).
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Fig. 4. Change in the saturation of percutaneous oxygen
(Sp0a) (A) and respiratory rate (B) in healthy young men during
increased-intensity exercise while not wearing a mask (control),
wearing a surgical mask, or wearing a mask for sport use. The
Sp0, decreased and respiratory rate increased significantly in
all subjects; however, no significant difference was observed
between groups.
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Fig. 5. Values of the Pleth variability index (PVI, %) before and
after exercise among healthy young men who were not wearing
a mask, wearing a surgical mask, or wearing a sport mask. No
significant difference was observed in the PVI values after exer-
cise, or between groups. ns, not significant.
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Fig. 6. Change in the concentration of urinary liver fatty acid-
binding protein (L-FABP) before and after exercise among
healthy young men who were not wearing a mask, wearing a
surgical mask, or wearing a sport mask. No significant increase
was observed and no significant difference was observed
between groups regarding L-FABP levels. ns, not significant.

Liver fatty acid-binding protein

In each subject, no significant increase was observed in the
L-FABP pre- and postexercise loading. Furthermore, no
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Fig. 7. Change in the values of the Borg scale in healthy young
men during increased-intensity exercise while not wearing a
mask (control), wearing a surgical mask, or wearing a mask for
sport use. The value of the Borg scale, a scale of the rate of per-
ceived exertion, did not differ between the intervention arms.
There was no incidence of heatstroke, as defined by Japanese
Association for Acute Medicine criteria.

significant difference was observed between the groups
(median: control, 1.65 ng/ml; wearing surgical mask,
2.63 ng/ml and fabric sport mask, 2.16 ng/ml; p = 0.87,;
Figure 6).

Incidence of heatstroke and the Borg scale

Based on the JAAM-HS definition, there was no incidence
of heatstroke. The average of the Borg scale did not differ
among the three groups (median [Borg scale]: no mask,
13.5; surgical mask, 15; and sport mask, 15; Figure 7).

DISCUSSION

UR STUDY PROVIDES evidence regarding the

safety of wearing masks during intensity-controlled
exercise under hot and humid conditions. There was no inci-
dence of heatstroke, as defined by JAAM-HS criteria, and
none of the participants had health problems. The value of
the Borg scale, a scale of the rate of perceived exertion, did
not differ between the intervention arms (i.e., control, wear-
ing a surgical mask, and wearing a sport mask).

In this study, the temperature and humidity were con-
trolled in an artificial weather room to create an environment
conducive to heatstroke. Healthy young male volunteers
were used in the experiment to investigate the physical
effects of wearing a mask. To the best of our knowledge, this
is the first study to evaluate the effects of wearing a mask in
a hot environment on the body. We found similar results
between mask-wearing and non-mask-wearing conditions

regarding deep body temperature, vital signs, and dehydra-
tion level even in a hot environment set at WBGT of 28°C.
When the physical load is strictly controlled, exercise can be
undertaken safely while wearing a mask even in a hot envi-
ronment, indicating that mask wearing is not a risk factor for
exertional heatstroke.

Roberge et al. instructed healthy volunteers to perform
exercise with low to moderate levels of exertion (5.6 km/h;
0° inclination) with and without surgical masks and mea-
sured changes in heart rate (9.5 b.p.m.) and respiratory rate
(1.6 c.p.m.)."* However, they did not strictly control the
temperature or humidity of the laboratory, which were set at
21.5 °C and 23.1%, respectively (WBGT 15°C), which is
considered similar to a normal environment. In this study,
we created an artificial weather room to recreate an environ-
ment of 28°C WBGT, which could contribute to heatstroke;
this allowed successful establishment of a situation similar
to a real environment.

A previous study found no relationship between mask
wearing and core body temperature increase in a normal
temperature environment,'® which is consistent with our
finding of an increased risk of heatstroke in a hot and humid
environment. Therefore, our study shows that wearing a
mask is not a risk factor for heatstroke in a hot and humid
environment, despite rest or exercise.

As stated earlier, Roberge et al."* found that wearing a surgi-
cal mask at a low to moderate exercise intensity resulted in
increased heart and respiratory rates. In contrast, our study
found no significant difference in body temperature or vital
signs between the mask-wearing and non-mask-wearing
groups. This finding could be attributed to the Karvonen
method, which strictly controlled exercise intensity; further-
more, our study was undertaken with young healthy volunteers,
who may have stronger physical compensatory mechanisms.

Another significant finding of our study is the examina-
tion of the effects of fabric masks on the body during exer-
cise. The US Centers for Disease Control and Prevention
guidelines recommend the use of fabric masks in addition to
surgical masks.'* In particular, multiple polyester masks
have been recognized for their droplet control performance.
Additionally, this study is significant to the current situation
as it collected data regarding the current state of mask use in
our country.

In this study, no significant difference was observed
regarding the physical effects of wearing a surgical mask or
a fabric mask. Few studies have evaluated the performance
of fabric masks; however, so-called hybrid fabric masks
made of multiple materials have been reported to have VFE
of more than 80% and BFE of more than 90%,'> which
could indicate similar performance of surgical and fabric
masks.

© 2021 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
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This study was unable to prove that mask wearing was a
risk factor for heatstroke. However, we believe that this
study accurately measured exercise load and body tempera-
ture; therefore, this indicates the safety of performing exer-
cise while wearing a mask in a hot environment.

In this study, we used a capsule-type internal thermometer
to measure the deep body temperature. A previous study has
reported the usefulness of ingestive thermometers for moni-
toring body temperature.'® In our study, it was possible to
safely observe the deep body temperature for as long as 1 h.
In future studies, we aim to use wearable devices and inter-
nal organs to measure heart rate and continuous body tem-
perature to ensure the accuracy of measuring deep body
temperature using the Karvonen method. This could be
effective in preventing heatstroke while working and wear-
ing a mask.

Limitations

This study has several limitations. First, the number of cases
in this study had to be limited due to the human and environ-
mental limitations of the COVID-19 pandemic. Therefore,
the detection power might be weak. However, there were no
significant differences in body size, muscle mass, or vital
signs among the six patients, indicating similar characteris-
tics between patients. Therefore, we believe that the data
obtained were more accurate and uniform compared to a
large cohort with diverse characteristics.

Second, the experiment was undertaken in the sequence
of exercise without mask, then polyester mask, and finally
surgical mask; therefore, the possibility of biases, including
mental anxiety and tension, could occur. Additionally, there
is the possibility that the body load was reduced due to heat
acclimatization, or that it was affected by the physical condi-
tion of the day or the time of the experiment.

Finally, this experiment included only young men. There-
fore, the results might not be applicable to women, the
elderly, or children. It is necessary to also consider the
effects of blood loss and basal body temperature in women
who are menstruating. However, a higher incidence of heat-
stroke has been observed in male individuals worldwide,'”
and it can be said that we obtained practical data that address
the current situation.

The elderly are at an increased risk for heatstroke.
Therefore, further studies are necessary, particularly in mon-
itoring exercise intensity.

1.2,18,

CONCLUSION

E USED AN artificial weather chamber to create a
hot environment conducive to heatstroke. Using this

environment, an experiment was undertaken to investigate
the effects of mask wearing on the body in healthy young
men. Wearing a mask by itself was not a risk factor for exer-
tional heatstroke, and accurate monitoring of exercise inten-
sity based on heart rate could have the potential to reduce
the risk of heatstroke.
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Background

e e E—

* Recent reviews have highlighted global warming and
health impacts in tropical areas.

» Global warming will increase heat illness at home,
work and sports.

Characteristics of Japan

e E—

» Japan has a temperate humid climate with four
distinct seasons.

» The temperature range throughout the %ear is wide,
and temperatures can exceed 35 °C in the summer.

* Japan was the world’s most aged population in 2017
(27.7% were =65 years old).
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Highest temperature of Bangkok and Tokyo in 2019
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The difference between Bangkok and Tokyo

e mi—

* The both highest temperature of August exceeds
30°C and it is very hot.

« There is greatly a difference of the temperature of
winter.
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Heat stroke in Japan

= —

* In Japan, more than 50,000 heat illness patients are transported to
hospital by ambulance from May to September every year.

* A total of 95,137 patients were transported to hospitals for heat
stroke, and 160 ultimately died in 2018.

* |t has been reported that the majority of severe heatstroke cases
were in elderly subjects affected during daily activities.

Definitions about heat stroke

» Because definitions of Heatstroke, heat illness, heat
exhaustion and Heat related iliness are not unified, we
confuse and use them.

» [n this report, we define them according to the general article
of Bouchama A from N Engl J Med.

Bouchama A, Knochel JP. Heat stroke. N Engl ) Med. 2002;346(25):1978-88.
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Heat stroke

Severe illness characterized by a core temperature >40° C
and central nervous system abnormalities such as delirium,
convulsions, or coma resulting from exposure to environmental
heat (classic heat stroke) or strenuous physical exercise
(exertional heat stroke)

Bouchama A, Knochel JP. Heat stroke. N Engl ] Med. 2002:346(25);1978-88.

Active Cooling

» Active cooling is essential for the treatment of heat stroke
(Severe: deep body temperature Z40°C and Glasgow coma

scale £8) .

* In multivariate analysis, Rehydration-only therapy had a 3.29-
fold higher risk of in-hospital mortality than Active cooling.
Kanda |, Nakahara 5, Nakamura 5, et al. Association between active cooling

and lower mortality among patients with heat stroke and heat exhaustion. PLoS
One. 2021; 16 (11): e0259441.
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Heat illness

+ All illness from exposure to high environmental heat or
strenuous physical exercise

» Heatstroke(Severe) + Heat exhaustion(Mild to moderate)

Heat related illness

* [[Iness from exposure to high environmental heat or
strenuous physical exercise but not to have a diagnosis of
heat illness

* The border with heat illness is indistinct.

* In the heat environment Heat related illness may increase
before Heat illness increases.
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Physical disability due to heat environment

Heatstroke

 Heatillness  [MM Heat related illness

Heat exhaustion

Examples of Heat related illness

* In the previous research, the onset of the following
disease increases by a rise in temperature.

* Psychiatric disorders

* Heart conduction disorders
* Cerebrovascular disorder

« Kidney disease
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Worries about Heat related illness

Because heat stroke has not been diagnosed, is
there a risk that Active Cooling is not being
performed on patients who need it?

Limitations of the previous research

* They do not examine a climate and a disease
outbreak directly.

* They do not consider a local difference.

* The definition of heat illness and heat related illness
is not clear.
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The relation between heat related illness and
climate: multi-country study

e S—

»We plan to determine disease included in heat
related illness by revealing relations of climate

(especially temperature and humidity) and onset of
every disease.

+ | the details of Heat related illness are determined,
we can prevent heat illness and heat related illness
more effectively.

Subject

e — S—

« All patients of emergency visit in cooperation

institutions between 1st January and 31 December
2019,

+|'m assuming a total of 400,000 people (currently
collecting data)
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Cooperative institutions
(4countries 10 institutions)

e —

« Teikyo University (Tokyo, Japan)

* Khon Kaen hospital (Thailand)

+ Mahidol University (Thailand)

* Mahosot hospital (Laos)

« Hanoi medical university (Vietnam)

* Aizawa hospital(Cool area of Japan)

+ Asahi general hospital (Cool area of Japan)

+ Ageo Central General Hospital(Hot area of Japan)

« Northern Okinwa Medical Center (Hot area of Japan)

Methods

S — —_—

» Each institution will send the following patient information to
us.

(D Date @Age 3)Sex @Disease name (ICD-10)

» We will obtain weather information of each area through
Japan Meteorological Business Support Center.

» We will match patient information with weather information
and examine a relationship.
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Intermediate analysis

— ——

» We performed an interim analysis using the data we

have now collected.

« We calculated the correlation between WBGT and the

number of heat stroke visits for each day at each

hospital.

Correlation coefficient between the number of heat

stroke cases and temperature (interim analysis)

Total

Japan
Asahi General Hospital 30,179
Aizawa Hospital 29,336
Ageo Central General Hospital 4,104
Taikyo University 2,157

Sodhessthse

Foan Kaen Hospital 114,561
Hanoi Medical University 22,361

Heat stroke  Correlation coefficient

131(0.43%)
79(0.27%)
23(0.56%)
27(1.22%)

28(0.024%)
5(0.024%)

0420
0412
0.340
0.183

0.095
0.252

p

<0.001
<0.001
<0001
<0001

0.07
<0.001
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Summary of Interim analysis

—_—— —

*In Japan, heat stroke patients accounted for about

0.5-1.0% of all patients and were correlated with
WBGT.

«In Southeast Asia, heat stroke patients accounted for
only about 0.02% of all patients, and some facilities
did not correlate with WBGT.

Consideration

—_—— —

* In the case of heat-related illness, which is a complication of
heat stroke, treatment of both heat stroke and other illnesses
will be necessary, but it is necessary to examine whether
treatment of other illnesses in Japan and heat stroke in
Southeast Asia is lagging behind.

* In this study, Heat related illnesses will be identified by

examining which diseases are increasing in number with
increasing WBGT.
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Especially in sports

* In sports, people who are healthy by nature are prone to heat
stroke, so this is not a situation where other diseases should
be considered.

» Active cooling and fluid intake, which is the initial treatment
for heat stroke, should be given as soon as possible.

* | will report on my visit to the Khon Kaen Marathon in
January 2020.
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Report

» Active Cooling (Cold water immersion) is being implemented.

* There was a noticeable number of cases of massage without
cooling, and several of these cases were severe.

Consideration

» Although we cannot deny the possibility of orthopedic
injuries, we believe that many of these cases are due to
cramps as a symptom of heat stroke.

» As in the emergency room, it is likely that there are injured
people in sports who are not recognized as having heat
stroke.

» |t is important to reduce the number of cases of serious
illness due to lack of prompt active cooling and hydration.
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Objection

—

* In Southeast Asia, people have a well-established lifestyle
against the heat, and heat stroke is less common.

« |f this opinion is correct, then Japan needs to learn a lot from
Southeast Asia.

* [n any case, it would be beneficial for Southeast Asia and
Japan to work together to promote measures against heat
stroke.

Conclusion

———

* |[f heat stroke is missed, there is a risk of delay in active
cooling, so it is important to be proactive in the differential
diagnosis.

* Especially in sports, it is important to take measures against
heat stroke because many people are healthy by nature,
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