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Abstract

Background: Heat stroke (HS) is an acute physical disorder that is associated with a high risk of organ dysfunction
and even death. HS patients are usually treated symptomatically and conservatively; however, there remains a lack
of specific and effective drugs in clinical practice. An analysis of publication contributions from institutions, journals
and authors in different countries/regions was used to study research progress and trends regarding HS.

Methods: We extracted all relevant publications on HS between 1989 and 2019 from Web of Science. Using the
Statistical Package for Social Science (SPSS, version 24) and the software GraphPad Prism 8, graphs were generated
and statistical analyses were performed, while VOSviewer software was employed to visualize the research trends in
HS from the perspectives of co-occurring keywords.

Results: As of April 14, 2020, we identified 1443 publications with a citation frequency of 5216. The United States
accounted for the largest number of publications (36.2%) and the highest number of citations (14,410), as well as
the highest H-index at 74. Although the sum of publications from China ranked second, there was a contradiction
between the quantity and quality of publications. Furthermore, Medicine & Science in Sports & Exercise published the
most papers related to HS, with Lin MT publishing the most papers in this field (112), while the review by Knochel
JP received the highest citation frequency at 969. The keyword heat-stress appeared most recently, with an average
appearing year of 2015.5. In the clinical research cluster, exertional heat-stroke was determined to be the hotspot,
while ambient-temperature and heat waves were the new trends in the epidemiological research cluster.

Conclusions: Corresponding to this important field, while the contributions of the publications from the United
States were significant, the mismatch between the quantity and quality of publications from China must be
examined. Moreover, it is hypothesized that clinical and epidemiological studies may become hotspots in the near
future.
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Background

Heat stroke (HS), considered one of the most fatal dis-
eases, is commonly depicted by an unbalanced gener-
ation and dissipation of heat as a result of exposure to a
hot environment or strenuous exercise, and itis clinically
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characterized by central nervous system (CNS) dysfunc-
tion, multiple organ failure and extreme hyperthermia
(usually>40.5 °C) [1]. Despite decades of research, it is
still clinically recommended to appropriately lower the
body temperature and engage in active treatment mea-
sures, even though HS is often fatal, with the mortality
rate in the elderly exceeding 50% [2]. At present, the
main studies on HS focus on the pathological changes of
decompensation caused by the body under thermal
stimulation and on the related mechanisms of systemic
inflammation and multiple organ failure caused by HS

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40779-021-00300-z&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:18516116672@163.com

Xia et al. Military Medical Research (2021) 8:5

[3]. Unfortunately, as a result of the consistent deterior-
ation caused by global warming, the number of people
dying from heat waves continues to grow. For example,
during August 2003, a sustained severe heat wave in
Europe resulted in 14,800 heat-related deaths in France
[4]. According to another study, the relative risk (RR) of
HS, which is related to the length and density of the heat
wave, on heat wave days compared to that on matched
nonheat wave days decreased from 71.0 in 1999 to 3.5 in
2010, further suggesting a close relationship between the
incidence of HS and ambient temperature [5]. Conse-
quently, research regarding HS is vital for correlative
countries and regions.

Bibliometrics is a statistical and quantitative method
used to analyze the academic influence and characteris-
tics of scientific output. Combined with creative design
and information visualization, bibliometric mapping
visually represents bibliometric data [6], highlights the
impacts of a given study on a discipline, and potentially
promotes an understanding of the data. In addition,
bibliometrics has been widely used in the fields of infor-
mation science, chemistry and physics, with new poten-
tial prevailing in the field of medicine [7]. Using
bibliometrics, researchers can determine more specific
research themes and thereby achieve a more compre-
hensive understanding of the relationships between spe-
cific research areas.

The present study was aimed at comprehensively ana-
lyzing the research progress with respect to HS based on
Web of Science (WOS). We applied a bibliometric ana-
lysis for the purpose of uncovering the research trends
related to HS and predicting its possible future hotspots.
Although Mao et al. [8] used bibliometric methods to re-
port the publication trends of exertional HS from 1996
to 2015, a comprehensive review of the publication
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trends and future hotspots covering HS still require fur-
ther exploration.

Materials and methods

Data sources and search strategies

It has been unanimously accepted that the Science Cit-
ation Index-Expanded (SCI-E) of Thomson Reuters’
WOS is one of the most appropriate databases for con-
ducting bibliometric analysis research. Therefore, a com-
prehensive online search dated from 1989t02019 was
conducted in WOS with publication types limited to ori-
ginal articles and reviews. As all data were obtained from
the public database and had nothing to do with any hu-
man subject, ethical consent was not applicable.

All searches were conducted on a single day, April 14,
2020, to avoid omissions arising from rapid database re-
newal. The search strategies were presented as follows:
TS = ((heat stroke) OR (stroke heat) OR (heat strokes)
OR (heat apoplexy) OR (heatstroke) OR (thermoplegia)
OR (heat hyperpyrexia) OR (heatstrokes) OR (heat-
stroke) OR (non-pyrogenic hyperthermia) OR (heat ill-
ness)) AND Language = English. Original articles and re-
views with normal peer-review were potentially eligible,
while others were excluded accordingly. Detailed pro-
cesses of enrollment and screening are displayed in
Fig. 1.

Data collection

Two authors (TLO and DMX) independently extracted
data from all correlative publications, including titles,
keywords, publication dates, origin countries and re-
gions, authors, institutions, published journals, sum of
citations, H-index, and so on. The data from WOS was
inputted into the statistical package for social sciences
(SPSS, version 24, IBM Corporation, USA), Microsoft
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Excel 2016 (Redmond, Washington, USA), GraphPad
Prism 8 (GraphPad Prism Software Inc., San Diego, CA),
and VOSviewer version 1.6.12 (Leiden University, Lei-
den, the Netherlands) and were subsequently analyzed
and presented both quantitatively and qualitatively.
Meanwhile, the World Bank website [9] and the Central
Intelligence Agency (CIA) website [10] were retrieved
for the latest information regarding the gross domestic
product (GDP) and population.

Bibliometric analysis

We applied WOS to analyze the characteristics of all in-
corporated publications. The term relative research
interest (RRI) was defined as the number of publications
concerning a specific research field divided by publica-
tions across all fields per year, while the impact factor
(IF) was obtained from information published in the lat-
est version of Journal Citation Reports (JCRs). It has
been widely accepted that the H-index functions as a re-
flection of the scientific research impacts of a scholar or
a country and that it indicates that a scholar or country
has published H papers and that each of them has been
cited in other publications at least H times.

VOSviewer is an optimal approach to analyzing the
correlation of highly cited publications with productive
authors. The viewer can be employed to construct maps
of authors and journals based on cocitation data as well
as maps of keywords based on cooccurrence data related
to HS. Furthermore, VOSviewer can classify keywords
into different clusters in accordance with the results of
cooccurrence analysis and simultaneously color them by
time course. The definition of average appearing year
(AAY) was employed to quantify the relative novelty of a
keyword. Hence, author cocitation analysis (ACA) was
presented as a network visualization map by using VOS-
viewer (version 1.6.12) techniques [7], and the division
of different clusters was defined as keywords in related
research fields, and their frequencies of occurrence were
calculated.

Results

Contributions of countries/regions to global publications
In all, 1443 articles dated from 1989 to 2019 met our in-
clusion criteria, with the United States ranking first in the
number of publications at 523 (36.2%), followed by China
at 349 (24.2%) and Japan at 100 (6.9%, Fig. 2a). By com-
paring the number of papers published per year, we found
that the largest number of publications occurred in 2019,
with 111 publications (7.8%, Fig. 2b). When the numbers
of all-field publications were considered, the global inter-
est in HS measured by the value of RRI fluctuated ap-
proximately 0.003% before 2014, but subsequently
increased to 0.008% in 2019 (Fig. 2b). Not until 2001 did
Chinese researchers gradually publish papers in this field.
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However, the proportion of Chinese publications in this
field rose rapidly for the past 10 years (Fig. 2c).

Citations and H-index analysis

By retrieving the Journal Citation Report from the WOS
database, all articles related to HS had been cited 29,160
times since 1989 (22,166 times without self-citations),
with an average citation frequency of 23.78 times per
paper. The United States accounted for 49.3% of the
total citations, i.e., 14,400 times (11,902 times without
self-citations), and exhibited an H-index of 74. The
number of citations from China was 7933 (4677 times
without self-citations) with an H-index of 74, and thus
ranked second among all involved countries and dis-
tricts. (Fig. 2a).

Journals with research publications on HS

Approximately one-third of the papers within the rele-
vant scope were published in the top 20 journals based
on IF (399, 27.65%). Specifically, the number of papers
published in Medicine & Science in Sports & Exercise
(IF = 4.478, 2018) was the highest with 38 records, while
the Journal of Applied Physiology (IF =3.140, 2018)
ranked third with 33 publications. Additionally, Critical
Care Medicine (IF = 6.971, 2018) reported27 publications
and was ranked sixth, and the journal of Intensive Care
Medicine (IF = 18.967, 2018) ranked nineteenth, with a
total of 17 publications. For other journals with immense
academic impact, Nature Biotechnology published a
high-quality article in a related field [11], and the New
England Journal of Medicine (NEJM) published a review
[3]. We also found a review that was published in the
journal Cell [12]. The top 20 journals with the most
publications are listed in Fig. 3a.

Institutions with research publications on HS

The Chi Mei Medical Center in Taiwan Province, China
had the highest number of publications among institu-
tions worldwide, with 99 papers documented by this af-
filiation, which accounted for 6.7% of all publications.
Within the list of top 20 institutions in this field, nine
were Chinese institutions, five were institutions in the
United States, three were Israeli institutions, two were
Saudi Arabian institutions and one was an Australian in-
stitution (Fig. 3b).

Authors with research publications on HS

A total of 381 papers written by the top ten authors
accounted for 26.4% of all studies in the related area. Lin
MT from the Chi Mei Medical Center published 112 pa-
pers related to HS, thus ranking first in the number of
publications. Ranking second was Casa DJ, who had 46
papers. As presented in Table 1, there are five authors
from China, three from the United States, one from



Xia et al. Military Medical Research (2021) 8:5 Page 4 of 11

== Number of publications
== Sum of citations (Actual value x0.05)
mm H-index (Actual value x5)

GDP (Actual value x5, per trillion dollar)

b 120 ——Number of publication 0.00006
——Relative research interest (RRI)
100 0.00005
»
=4
S 80 0.00004
S
o
=3 —
2 60 0.00003 &
o
9]
£
g 40 0.00002
z
20 0.00001
0 0
H O NNV IDOINNOANDOONANDITLNOANDXIININIIT 0N
P NN TS OO SISO LEL L LS LN NN SIS
QOIVV9VVVIVIVPPPIPPIP PP L P PPV PPL PP
Year
C 140 MW USA
M China
Japan
120 | Others
£ 100
Nel
=}
S
S 80
=
Q
k]
5 60
)
€
=
Z 40
20
0

Fig. 2 Contributions of different countries/regions to the research field regarding HS. a The number of publications, citation frequency (x0.05), H-
index (x5) and GDP (x5, per trillion dollar) in the top 20 countries or regions; b The number of publications worldwide and the time course of
relative research interest of HS; ¢ The number of publications from the top three and other countries per year. RRI. Relative research interest
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Fig. 3 Distribution of institutions and journals focused on HS. a Distribution of top 20 journals publishing research on HS; b Distribution of top 20

Israel, and one from Saudi Arabia. Notably, Lin MT
from the Chi Mei Medical Center had the highest cit-
ation frequency (2538, Tables 1, 2).

Analysis of keywords in publications of HS
We analyzed the keywords extracted from 1443 publica-
tions using VOSviewer. As presented in Fig. 4a, 100

keywords, defined as terms that occurred more than 15
times within titles and abstracts in all papers during the
analysis process, were identified and classified into three
clusters, namely, basic research, clinical research and
epidemiological research. Within the cluster of basic re-
search, the following keywords were frequently men-
tioned: heatstroke (109 times), heat stroke (106 times),

Table 1 Top 10 authors with most publications in research scope of HS

Corresponding author Country Affiliation Publications (n) Citations (n)
Lin MT China Chi Mei Medical Center 12 2538
Casa DJ USA University of Connecticut 46 1897
SulL China Southern Medical University 40 385
Leon LR USA US Army Research Institute of Environmental Medicine 36 1032
Chang CP China Chi Mei Medical Center 32 579
Armstrong LE USA University of Connecticut 28 1896
Bouchama A Saudi Arabia King Faisal Specialist Hospital 27 2284
Epstein Y Israel Tel Aviv University 24 741
Chen SH China Chi Mei Medical Center 22 403
Chang CK China Taipei Medical Hospital 14 332




Page 6 of 11

(2021) 8:5

Xia et al. Military Medical Research

VSN

aoueld

vsn

VSN

uspams

aouel

VSN

vsn

vsn
VSN

4!

Al

14

[43

Ll

0¢

Al

LE

44
LS

0ge¢

Sec

9¢ec

lce

Gee

g8t

134

1944

09
696

¢00¢

S00C

¢00¢

600¢

6661

900¢

€661

£00¢

8661
¢00¢

buluupi] 21343y Jo [puinor

SIsAipuy ysiy

QUIDIPaYN dNIUBARIH JO [DUINOL UDLWY

SoAIND2dSIad Y3|DAH [DIUBLULOIAUT
QUIDIPaY dNIUBARIH JO [DUINO UDDLWY

Y}DaH [DIUdUIUOIIAUT
pup [pUOIDPANII0) JO SOAIYDIY [PUOIDUIAIL

uopuo7-AbojoisAyd 4o [puinof

351249X3 pUD SLOAS UJ 92UBIDS PUD BUDIPAY

Abojouyaiolg ainioN

aupIpay jo [puinor pupibug may

WH Aopuig

I\ 242pPWN0g

dW uoiybneyn

3 UO}MOUY

Of eZUaWS

a UowaH

g UaspIN

37 buonswiy

|4 OJOWLIOW

df [PY20Uu)

sassau||l
103y [PUOILSXT 1UBWS1LIS UoNISOd
UoNeOSSY SIdulel| JNSJYIy [rUOieN

MOU pue
2Iay abueyd a1ewd snossbueq
:9dURI4 Ul 9ABM 183y €007 YL

obed1yD Ul anem 1eay
6661 © buunp Aljeuow palejai-1eaH

SMSIA uswWuedaq Aousbiswy

pue suopezijeudsoH uo syedw|
DABM 1e9H eluiojleD 900¢ 9YL
obesiyD ul anem 1eay 661 ANy
Buunp suoissiupe [eudsoy ssaox3

3dURI4 Ul 9ABM 183Y €007 IsnBny
941 01 pa1e|ad A)PLIOW SSIIXT

JUSWUOIIAUD AIp 10y B Ul 9SI2J9Xd
pue uonewpoe 1eay Yyim suoneidepe
AK101e|NH3IOWIISY} pUB A101R|NDIID UBWNH

uonnadwod pue
Buluiely buunp ssauj|l 1eay [PUOILISXT

uonoa101do1fd 10y s1961eY
o1bojodeweyd maN :suieioid yooys
183y pue sasuodsas 3|gIDNPUI-SsIS

ON041S 1eoH

Anunod s, joyine
Buipuodsaiio)

(u)aeak sad
suoneld abesany

(u)suonend [eyo|

1eak uonedignd

|eusnor

Joyine Huipuodsalio)

A

SH 01 paleas siaded pa1d ybiy 0| dol g djqel



Xia et al. Military Medical Research (2021) 8:5 Page 7 of 11

Cluster 2: -
Clinical research,;,,/' B

Cluster 1:
Basic research

e

. Cluster 3:
fs VOSviewer Epidemiological research

b Cluster 2: ~ - strokewolume

- core ter?fl:atu re

- f

+

Clinical research ¢

»“; u

association pcﬂléﬁ{ét&ent‘ !
Y, NN TN

Cluster 1:
Basic research

rur«e\rs-"- ! deby@ats
atiof

+

|
X

/
; TN
exertionaliheat iliness \
‘ ‘ " rat heatstroke

) Cluster 3:
& VOSviewer Epidemiological research

1990 2000 2010 2020

Fig. 4 (See legend on next page.)
A\




Xia et al. Military Medical Research (2021) 8:5

Page 8 of 11

(See figure on previous page.)

Fig. 4 The analysis of keywords in publications on HS. a Mapping of the keywords in the area of HS. The words were divided into three clusters
in accordance with different colors that were generated by default, specifically, basic research (left in red), clinical research (up in green), and
epidemiological research (right in blue). The large icon indicates the keywords that appeared at a high frequency; b The distribution of keywords
is presented according to the average time of appearance, with the blue representing an early appearance and the yellow indicating keywords
that have appeared more recently. The smaller the distance is between two keywords, the greater the frequency of their co-occurrences

injury (94 times), heat stress (94 times), and heat-stroke
(89 times). In the cluster of clinical research, relevant
keywords were also listed, including hyperthermia (104
times), exercise (91 times), illness (81 times), responses
(81 times), and thermoregulation (76 times). In the clus-
ter of epidemiological research, the primary keywords
were stroke (104 times), temperature (91 times), mortal-
ity (90 times), wave (64 times), and deaths (62 times).
Detailed consequences with respect to the co-
occurrence analysis of all incorporated keywords are
presented in Supplemental Table 1.

As presented in Fig. 4b, VOSviewer colored all key-
words according to the average time the word appeared.
Specifically, the blue color indicates that the word ap-
peared relatively early in the research stage, while the
yellow color indicates more recent appearance. For ex-
ample, during the early stage of research on HS, the
AAY for hyperthermia (cluster 2), which was the major
topic in this field, was 1990.1. More recently, research
trends demonstrate that temperature (cluster 3), with an
AAY of 2012.1, may be a new target. Within the first
cluster, the newest word was inflammation (cluster 1),
with an AAY of 2013.3, which occurred 65 times. In the
second cluster, exercise-induced hyperthermia (cluster
2), with an AAY of 2015.4 and exertional heat illness
(cluster 2) with an AAY of 2014.5, were the most re-
cently emerging words, which appeared 17 and 21 times,
respectively. For the third cluster, appearing 23 times,
ambient temperature (cluster 3), with an AAY of 2016.8,
rather than mortality, was noted as a new topic.

Discussion

Research trends of HS

It is worth noting that an analysis of HS is different from
an analysis of a tumor or another disease because of the
correlation between disease incidence and local climate.
Heat illness, i.e., heatstroke, hyperthermia and dehydra-
tion, was responsible for 3306 of 14,539 deaths during
the heat wave that occurred in France from August 1st
to August 20th of 2003 [13]. Because previous studies
on the association between heat exposure and HS were
primarily restricted to small geographical regions, an
epidemiological study of HS at the national and inter-
national levels was essential [5]. Hence, in the neighbor-
ing subtropical Sahara and Arabian deserts, the Israel
Defense Forces used a heat-tolerance test (HTT) as a
screening tool for the secondary prevention of exertional

heat illness [14]. In addition, during the Hadj season in
Mecca, Saudi-Arabia, HS threatens the health of pilgrims
[15], thus specific climatic and social customs have led
these countries to invest in HS research. Accordingly,
data should be normalized to some extent based on re-
lated factors. Simultaneously, RRI displayed a slowly ris-
ing trend, thus demonstrating that the research demand
for HS has increased year by year due to its rising inci-
dent rates.

With respect to authors, Knochel JP, who pioneered
research on HS, was first author of an impressive review
published in the New England Journal of Medicine that
has been cited a number of times [2]. In addition, the
cooperation among authors has been noted. For ex-
ample, the map of co-authorship analysis based on WOS
data reveals close cooperation among authors from
English-speaking countries (Figure S1) and partly ex-
plains the mismatch between the publications and cita-
tions of Chinese researchers’ articles, a phenomenon
that has called on scientists from all over the world to
break through boundaries and bring about deeper co-
operation. Only in this way can we simultaneously ex-
tensively affect the future development and predict the
hotspots in this field.

Research focused on HS
Published articles with the highest citation frequency are
associated with correlative academic impacts in a certain
field. Detailed information regarding the top ten most
frequently cited publications on HS is provided in
Table 2. The study published in New England Journal of
Medicine in 2002 with Knochel JP as the corresponding
author provides an exhaustive and comprehensive over-
view of HS and indicates that future research should
focus on three areas, specifically, identifying genetic
traits, searching for new biomarkers, and developing
new adjuvant treatments to effectively control inflamma-
tory reactions and counteract multiorgan complications
[2]. The article published by Casa DJ presents clinical re-
search regarding HS, while papers ranking fourth to
ninth are related to epidemiological research [16]. As
relatively new publications have not yet been cited
much, these indicators must be interpreted with caution.
As for journals with the most publications, the focus
of the top three journals was sports medicine, a result
that is obviously owing to one of the two clinical types
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of HS, ie., exertional heat stroke, which is associated
with strenuous physical exercises (Fig. 3a).

According to the map based on the bibliographic data
from the co-occurrence analysis of all keywords (Fig. 4a,
b), the keywords were divided into three clusters,
namely, basic research, clinical research, and epidemio-
logical research. The density of the keywords outlined
the overall structure of the map and draw attention to
the most important areas of HS, revealing an even distri-
bution among the three groups that was consistent
among the three clusters [7]. However, the epidemio-
logical research group was relatively new with respect to
the publication dates. The potential reasons for this are
as follows. First, the respective research in China and the
United States over the past decade indicates that the re-
search direction has transitioned towards epidemiology
research (Figure S2). Furthermore, scientists from differ-
ent countries have focused on the scale of heat-related
diseases caused by the generation of heat waves in cities
in recent years. Thus, keywords such as heat wave and
cities have emerged within the epidemiological research
cluster [4, 17]. However, relevant research has been lim-
ited to developed countries, such as the United States
and France, suggesting that Western temperate countries
must be more prepared for future heat waves [4]. Mean-
while, a well-known climatic effect known as the urban
heat island, which is thought to be partly responsible for
the mortality rate due to HS, has increasingly attracted
the interest of researchers [18]. For example, a recent
study has indicated that numerous epidemiological
methods have been used to evaluate the effect of the
thermal environment on mortality and morbidity and
thus to estimate the mortality of temperature-
attributable heat illness, which further provides new
areas for epidemiological studies related to HS [19]. Ac-
cording to the results of the pictures, although the re-
search direction has shifted towards epidemiological
research, the corresponding input is still scarce and the
relevant countries must further strengthen their research
efforts (Fig. 4a, S2).

With respect to the latest research hotspots, heat-
stress from the basic research cluster is the most recent
(cluster 1), with an AAY of 2015.5. An increase in core
temperature caused by heat stress has two possible path-
ways for causing multiple organ dysfunction [20]. One is
that the increase in skin blood flow and the decrease in
intestinal blood flow cause an elevation in intestinal epi-
thelial barrier permeability. The immune response is
then initiated, which triggers a systemic inflammatory
response syndrome (SIRS). Another pathway is that the
increase in core temperature causes vascular endothelial
damage, followed by microvascular thrombosis and con-
sumptive coagulation, which ultimately leads to multiple
organ dysfunction. A previous study has indicated that
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Escherichia coli exerts regulation on heat shock proteins,
specifically, HSP-1(heat shock protein-1), which function
as stress-responsive activators [21]. Keywords such as in-
flammation and tumor necrosis factor (TNF) were
among the most recently identified words in the related
research. TNF, which is a common inflammatory factor
that causes inflammation, exists in serum, tissue, and
animal models [22] regardless of whether the patient has
HS [23]. Hence, an elevated TNF is naturally a focus of
research. As systemic inflammatory response is a precur-
sor to multiple organ failure [20], the mechanism of sys-
temic inflammatory response has been at the core of
basic research on HS and related diseases. Furthermore,
existing studies confirm that there is an overexpression
of IL-1 B in the early stage of HS due to the production
of inflammatory cytokines caused by the death of spleen
lymphocytes under the condition of simulated HS, thus
providing a new strategy for the targeted treatment of
IL-1 B in the clinical treatment of HS [24, 25]. Another
hotspot, permeability, is also closely related to inflamma-
tion as the gastrointestinal system plays a significant role
in pathogen elimination, nutrient absorption and im-
munity, whereas strenuous activity weakens the intes-
tinal integrity and impairs its barrier function [26, 27].
The intestinal hyper permeability caused by an exercise-
induced increase in core temperature facilitates the bac-
terial translocation of endotoxin from the intestinal
lumen to blood circulation, which may then result in a
systemic inflammatory response and end with HS [28].
Additionally, the emergence of intestinal flora research
in recent years has resulted in new perspectives [29, 30].
For example, studies have indicated that the intestinal
flora and its tryptophan catabolism can enhance the in-
testinal barrier function [31]. Thus, investigating the
changes of intestinal flora caused by HS and its effects
on the intestinal barrier permeability and inflammatory
response are likely to be new hotspots in future
research.

Exertional heat-stroke, exercise-induced hyperthermia
and exertional heat illness belong to the clinical research
cluster. The emergence of the three keywords is in ac-
cordance with the existence of controversies among
diagnoses, preventions and treatments of HS that arises
from a reliance on core temperature for diagnosing and
assessing the severity of exertional heat stroke [32]. First,
a definition of HS based on a specific body core
temperature value, typically >40°C or 40.5°C, is not
considered rigorous [1] as core temperature elevation
tends to be a function of metabolic heat production dur-
ing physical exercise in temperate and warm-hot condi-
tions. However, some athletes do not show any
abnormal vital signs when their body temperatures in-
crease during such situations, thus indicating that the
association between exertional heat stroke and a
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temperature threshold may need to be revised and im-
proved [33]. Hence, new HS criteria that cover more
sensitive organ damage markers during multiple organ
failure, called Japanese Association for Acute Medicine -
Heatstroke (JAAM-HS) and developed by the Japanese
Association for Acute Medicine (JAAM), does not in-
clude temperature [34].

With respect to the epidemiological research cluster,
the newest keywords were ambient temperature and
heat waves. A study has found that the temperature sig-
nificantly rises in vehicles even on clear, sunny days, re-
gardless of whether the windows are left open, thus
threatening child passenger safety [35]. HS induced by
climate-related extreme heat exposure gives rise to acute
mortality resulting from the exacerbations of pre-
existing chronic diseases and significant increases of
0.8°C to 0.9°C in the global average temperature, which
creates further concern for epidemics of chronic kidney
disease [36]. A heat wave is characterized by a sustained
period of extremely hot weather and is linked with in-
creased mortality and morbidity, particularly among the
elderly. Nonetheless, there is a lack of HS admissions
during heat waves. We learn from Yan Wang et al. that
understanding the spatiotemporal pattern of heat-related
diseases that can attenuate the adverse impacts of heat
waves is essential for protecting regional public health
from the adverse effects of heat waves [5]. As a result,
we recommend that necessary strategies are adopted
during periods of high environmental temperatures as
the induction mechanism of HS is closely related to the
ambient temperature. Further research should be under-
taken to investigate the combination of temperature and
humidity given that heat dissipation by sweat evapor-
ation is of importance, especially with respect to exer-
tional heat stroke. While animal models can simulate
HS by means of simulating hyperthermia body situa-
tions, the ethical issue of clinical research is doubtful,
making it difficult to simulate the illness on the human
body. There is abundant room for further progress in
the epidemiology research of HS as its novel trends still
lack sufficient attention.

Conclusions

The United States and China were the most productive
regions for research on HS, and the scientific research
strength of each region was directly related to their cor-
responding GDP (graphic abstract). The focus of key-
words gradually shifted from basic research and clinical
research to epidemiological research. It was also recom-
mended to focus on promising research hotspots, such
as heat stress, tumor-necrosis factor and heat waves.
Our study provides profound insights into the research
history and current status of HS, which may indicate its
future trend.
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