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Abstract

Objectives: Several studies on the health effects of heat
exposure on workers have been reported; however, only
few studies have summarized the overall and systematic
health effects of heat exposure on workers. This study aims
to review the scientific reports on the health status of
workers exposed to high temperatures in the workplace.
Methods: We reviewed literature from databases such as
PubMed and Google Scholar, using Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines to identify studies that address health effects of
heat exposure among workers.

Results: In total, 459 articles were identified, and finally,
47 articles were selected. Various health effects of heat
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exposure on workers have been reported, such as heat-
related diseases, deaths, accidents or injuries, effects on
the urinary system, reproductive system, and on the psy-
chological system.

Conclusions: Our review suggests that many workers are
vulnerable to heat exposure, and this has a health effect on
workers.

Keywords: health; heat exposure; high temperature;
workers; workplace.

Introduction

Climate change is one of the most important threats to
global health. As abnormal climate events that have not
been reported in the past have recently been reported,
interest in global warming is increasing. The most sig-
nificant effect of global warming is the rise in average
temperature. In the last 130 years, the world has become
warm by approximately 0.85 °C [1]. Heat exposure causes
heat-related diseases, and it has been reported to be
associated with cardiovascular disease, increased mor-
tality, incidence of injury at the workplace, and kidney
disease [2-5].

The most important and effective way to prevent the
occurrence of diseases caused by heat exposure is to
reduce the heat exposure time. Workers are often exposed
to heat because they do not have the authority to avoid
exposure time or the place exposed to heat, depending on
the work situation, making them a vulnerable population
to heat exposure. Several studies have reported the effects
of occupational heat exposure, which is characterized by a
reduction in productivity; they have also reported the
guidelines that prevent workers from leaving the work-
place due to heat-related disease [6-8]. There are several
individual reports that infectious diseases may increase
according to environmental changes caused by tempera-
ture rise (9], and this rise in temperature also affects the
eyes, skin [10], and mental health [11]. In addition, a
systematic review of the literature on the most well-known
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problems regarding heat exposure, and injuries among
workers, was recently conducted [12].

However, most studies on the association between
heat exposure and health have focused on the general,
young, or elderly population. Only few studies that sum-
marize the overall and systematic health effects of heat
exposure on workers are currently available.

This study aims to systematically review previous
studies on the effect of heat exposure on workers’ health.
We demonstrated this effect according to human organ and
disease characteristics among workers. This study will help
to understand workers’ health related to heat exposure and
guide future research.

Materials and methods
Literature search strategy

We used literature search engines, such as PubMed and
Google Scholar, to determine all published reports on the
relationship between heat exposure and workers’ health,
according to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses guidelines [13]. Literature
search terms in PubMed were ((Hot Temperature [MeSH
Terms]) OR (Extreme Heat [MeSH Terms|) OR (Heat Stress
Disorders [MeSH Terms|)) AND (worker* [Title/Abstract]
OR occupation* [Title/Abstract]). We restricted the publi-
cation year to December 31, 2019 and applied the following
filters; journal type: journal article, species: humans,
language: English, and age: adults (19+ years). Google
Scholar was used as a secondary search engine with similar
search logic.

Criteria of article selection

We excluded studies that satisfied the following criteria: (1)
study participants were not a working population, (2) the
main exposure was not heat, (3) the effect was not on
human health, (4) not an original article, or (5) the research
was not reported in English in a peer-reviewed journal.

Article organization

The duplicate articles were removed after the initial search.
We conducted an initial screening to select the relevant
studies based on the criteria of article selection from titles
and abstracts. The full-text of the remaining articles were
assessed by all the authors to determine their eligibility.
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Consequently, quality assessments were conducted for
eligible studies. Figure 1 demonstrates the flow of the
article selection process. In general, when humans are
exposed to heat, heat-related illness occurs, and the nervous
system may be damaged by protein denaturation. This can
lead to injury and death, and it is known that kidney and
urinary system damage due to dehydration can also occur. It
can also cause reproductive toxicity, such as infertility. We
categorized the articles into seven groups that addressed
the following health effects: (1) heat-related diseases, (2)
death, (3) accident or injury, (4) effect on the urinary sys-
tem, (5) effect on the reproductive system, (6) effect on the
psychological system, and (7) others.

Results

Overall, 459 “Hot temperature” or “Extreme heat” or
“Heat distress disorder”-related articles published until
December 31, 2019, were found after excluding duplicates.
About 348 articles were removed after further screening,
as the quality and scope of these studies did not match
that of the current study. Furthermore, 64 articles were
excluded after full-text assessment because their study
participants were not a working population (n=9), their
main exposure was not high temperature (n=20), the
effects were not on human health (n=14), they were not
original articles (n=16), and they were not reported in a
peer-reviewed journal (n=5). Finally, 47 articles were
selected.

These 47 articles were divided into seven groups: 15
articles reported on heat-related diseases, five articles
reported on the death effect, 10 reported on accidents or
injuries, seven reported on the effect on the urinary system,
five reported on the effect on the reproductive system, two
reported on the effect on the psychological system, and
three reported on the other effects of heat exposure among
workers. We have described the studies included in detail.

Sixteen studies were conducted in North America, four
in Central and South America, nine in Europe, 11 in Asia,
two in Africa, and five in Oceania. By gender, 32 studies
were conducted on both men and women, 14 on men only,
and one on women only. Based on the study design, 18
studies used cross-sectional, 10 used case-crossover, seven
used longitudinal, five used case-control, four used
descriptive epidemiology, two used cohort, and one study
used a quasi-experimental method. Twenty-five studies
did not limit the age of the study participants, and 22
studies had an age range. Twenty-seven studies used heat
exposure variables through measurement and calculation
(including daily temperature, apparent temperature, heat
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Figure 1: Flow diagram illustrating the article

Studies inclnded in qualifative smalysis
(a=4Ty

index, wet-bulb globe temperature [WBGT], humidex, heat
waves), and 20 studies used unmeasured heat exposure
variables (questionnaire, occupational or ambient heat
exposure). We have described the studies included in
detail.

Heat-related disease

Fifteen studies reported heat-related diseases among
workers (Table 1). Occupational heat-related illness (HRI)
emergency department (ED) visit rates were highest in
males (RR=5.7, 95% CI 5.3-6.1) and minority workers
(RR=1.4, 95% CI 1.3-1.5) that is, black and other races.
Compared to whites, the HRI hospitalization rate was 1.5
times higher among blacks (95% CI=1.3-1.8) and 3.4 times
higher among other minorities (95% CI 2.8—4.2) [14]. As the
proportion of construction workers increased, the number
of heat-related ED visits increased by 8.1% and the number
of heat-related hospitalizations increased by 7.9%. Addi-
tionally, heat-related ED visits increased by 10.99% each
time the proportion of workers in agriculture and related
fields increased [15]. Moreover, for males, people living in
rural areas, and residents aged 15-35 years, the highest
incidence of HRI was ohserved [16].

The effect of three consecutive hot days was a 30%
increase in the overall-cause mortality (RR=1.30, 95% CI
1.24-1.38), and the effect of heat on mortality was higher in
manual workers (RR=1.25, 95% CI 0.96-1.64) [17].

Workers’ questionnaire results showed that 35.6% of
the participants reported HRI while working outside, and
13.9% reported HRI while working inside. Factors related to
HRI while working outdoors included wet clothes and
shoes [18]. Among forestry workers, one-third showed
early heatstroke symptoms during summer, and variables
such as frequency of urination, hotness, BMI, and years of

selection processaccording to the Preferred
Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines.

forestry work (standard coefficients: +0.229, +0.194,
+0.280, and -0.162, respectively) were used for multiple
regression analyses [19]. Among the 528 radiation decon-
tamination workers, 316 (59.8%) experienced heat illness
symptoms (213 at Grade I and 103 at Grade II) [20]. Among
farmworkers, the number of heat-related symptoms at least
once a week reported by each individual was higher in
harvesters than in non-harvesters [21]. Two-thirds (72%) of
the farmworkers experienced at least one HRI symptom
when they worked outdoors, and one of the workers with
three or more HRI symptoms was 72 and 27% [22]. The most
frequently reported symptoms for farmworkers were
sweating (66%), headache (58%), dizziness (3200), and
muscle cramps (30%). In particular, females had three
times the odds of experiencing three or more symptoms
(OR=2.86, 95% CI 1.18-6.89) [23]. In another survey of
farmworkers, heavy sweating (50%) and headaches (24%)
were the most commonly reported HRI symptoms, followed
by extreme weakness/fatigue (149), and skin rash or skin
bumps (10%) [24]. For the construction workers, the most
reported HRI symptoms were sweating (100%), dizziness
(98%4), and muscle pain (829%) [25]. Among gold miners,
78.4% of underground miners and 69.6% of open-cut
miners were reported to have moderate heat illness. High
body temperature and hot and dry skin were the most
commonly reported HRI symptoms [26].

The overall risk of occupational HRI was positively
associated with the daily maximum temperature (Tpa),
especially when the threshold of 35.5 °C was exceeded. A
1°C increase in Ty, Was associated with a 12.7% incidence
(rate ratio=1.127, 95% Cl=1.067-1.190). During the heat
wave, the risk of occupational HRI was about 4-7 times
higher than that in non-heat wave periods. Of the total
occupational HRIs, 142 (46.4%) compensation claims were
diagnosed as *heat stress/heat stroke,” and 133 (43.5%)
were diagnosed as “other unspecified diseases or injuries”



DE GRUYTER

Heat exposure and workers’ health

Lee et al.:

4

(8T-€T1)5T ¥y
alym "saoe|g
(5°8Z-0°ST) £'0Z ¥¥
3|elWa] 'SA dBY

HI [H jeuonednaag
(F1-€1) et ¥y
a}lym "sA ydelg
(179-€'5) £'5 ¥y

syjeap

(TT0Z-2002) I4H 1BUON

Saseas|p ENENET] pue ‘suonjeziieydsoy  -edn2io Joj uonezieydsoy A8ojoiwapida ouelop
paie|as-1eay 'SA 3]BW JISIA 03 [¥H Jeuoednaag ‘s1ISIA 03 pale]al-jeay 150°T pue SHSIA Q3 STE'] auoN aalnduasaq SN ST0Z tenpiey jaine]
9%€ 'SA Z# ‘swoidwAhs siaisaniey (si@dj10Mm
SASEasIp €< 10) 96 "SA g8 ‘woldwAs 1= 104 swojdwAs pajejal -UOU 3]BW E9 ‘SI1AISAN jo uodai anpal
paie|ai-1eay SI9ISAAIRY-UOU *SA S19]SaAIRH -jeay payiodal-jjas -1BYy aue2IRENS A|RW 90T  -gNS) allPUUONISAND |BUOIIIBS-5504)  BIIY BISOD) GTOT  amMouD) Jajjua|
(sia310Mm
saseaslp  swoldwAs ssau)) jeay pajuayiadxa swoldwAs pajejal S12X10M UO1} jo uodas anpal nweyey
paje|as-jeay (9%8765) 9TE ‘SIIOM 8ZS a4l 4O -jeay papodal-§|as  -BUIWRILOIDP UOJIBIPRI 8TS  -ONS) AI[RUUOISAND |BUOI}IDS-5501) uede[ §10T nseAaye]
(061°1-£90°T) LTT'T ¥yl
siseq
saseas|p Do §'GE B UD SIS ), T UBYM B5BI ssauj)l paje|al (85=4 ‘SYT=W) amjeiadwal  ASojojwapida
paie|as-1eay uonesuadwod up asealdul 9%/ 71T -jeay pajesuadwo) swiie]d ssau)l 1eay 90¢€ wnwixew Ajieq aAlndisaq elesny S107 Sueyy unfuel|
apIsul Suppom aIum %E6°ET
S9SEas|p  puUR ‘3pISIN0 SupOM 3]IUM SSaul swoidwAs paje)al Anaay
paie|as-1eay 1eay papodal syuediiied 949°€ -jeay payiodal-jas SIIOMUIIRY ABW TOT XopuljeaH |BU0I}D3S-5501) SN S10T 'y Sewoy|
swoldwAs [GEXTLIN 1981eH
saseas|p pauodal jsow ayj aiem (%HT) swoidwAs pajejas (0%7=4 '09=W ‘00T =U) jo podas aadal aauay pue
paje|as-leay aydepeay pue (%0%) Suljeams Areay -jeay payiodal-jas uoSal(Q JO sIayIoMIWIRY  -gNS) AUIRULOJISANT |BUOI}IDS-5501) SN %10TZ 12yeg-mAaie|
010t
(0T6'1-92€°T) 61%'T 0] 8661 Wolj ‘1aquaidas
sem sainjesadwal wnwixew Ajep pue Aew uaamiaq 2aganp
S9SEAS|P U] 9seadul J, T Jad suopesuadwod ssau))l paleld  Jo oM 9yl Ag pajesuadwod Apiwuny  ASojoiwopida 1ednod
pajejai-leal paje|al-1eay Ajep jo ¥y| pajood ay] -jeay pajesuadwo) ssau||l pajejal-1eay 652 aAllelal pue | ogm aanduasag epeue) %10T -Wepy auey
(#9'1-96'0) ST T=¥Y sAep joy anlin
SIDIOM JenuBRW (€ T-7Z°T) 9,07 :SIHI0M |BNUBLL  -JASUOD 331Y] SN}
saseasip 0€ ' T=¥y Aljepow asnes-||e shep ‘sjueliqeyUl 000‘00Y'T ‘BalE -eladway jualque
pale|ai-1eaH 10y 9AIINIASUOD 3R1Y) JO 129449 ay| Aujeniow  uepjodosiaw euoj@dieg ayl wnwixew Ajleg  1an0ss01I-358) uieds €10T Ny UBYIA
Buwns (si93p40Mm
saseasip Sulnp ayoisieay Ajiea jo swoidwAs swoidwAs pajejal (=1 ‘STI=W j0 1i0dai anidal epaepy
paje|ai-1eay padojarap siaxiom Ai3saio) Jo £/1 -jeay payiodal-jjag ‘ST T=U) sixjlom AI1Salo4  -gns) alleUUONISAND |BUOIIIS-55017) uede( 900T nwnjeyej
(9%%7°1-£¢8°0) 160°T Yieap
[(8ET"T-ZZO'T) 6£0°T uofjezjje] syjeap (1aquaidag
saseas|p -1dsoy/(ZTT'T-1S0'T) 180T 1SIA a3 pue ‘suojjez|jeydsoy Z10T “19n0 pue sieak 91 —Aew) 1awwns
paje|as-1eaH SINIOM UOJIINIISUOT 10) Y| ‘SHSIA 03 PRIejl-lBaH  SIDMIOM 100pIN0 8TT'S6Yr  JO SABp SIUdAD JRaH Jeuipn}i8uo SN 810C Aayry uiaay
A1o3a1e) SHNsal ufey 2WO02IN0 y}jeay sjuedpyed ainsodxa jeay  usisap Apnig Aluno)y Jeajp loyine 1si14

‘yyeay S4dI0M UD 138439 ainsodxa Jeay 10j BI19]11D UDISN|uU] 3y} Sulaaiw saipnis paysijgnd jo Alewwing : ajqey



5

Heat exposure and workers’ health

Lee et al.:

swajqoid JBJNISBAOIPIRD SE
papiolal SEM SUIEIP 3Say} Jo asned

Jofew ay] *000‘00T/sYIeap 0ST SUOJ|puod apeys
SBM IRIED U] 5J9)J0M JueiSiw [edap LTOZ 0} 6007 WOy SIAIOM  -Ul J0j ‘Logm Allep ueypeid
iLaQ  J0j @)l LIBSp Jenuue ageiane Y| uoedYILad Yleag  ueaSw [jeddN 8ZT'08EE JO sajRWISS Ajyluol  |eulpnySuoT] Ie1BD 6107 euepueg

SID{IOM uolIW
auo 1ad zz'0 jo a1kl Ajleiey aSeiane
Ajiead e 1oy ‘g0 eyl ul paynuap!

Jlam syjeap pajejai-jeay jeuojjed jouiagno

yieag N30 6SE ‘0TOZ PUE 0OOT UdaMIDY Siyieap pajejal-jeay SI2)10M 0009 E 0T B9y |eulpnyiBuo] SN %10z "W aueiq
(06'1-66'0) LE T=4Yy uone|
-ndod Supjiom ayj ul 9% LE pPue (L8°T
-9€'T) 65 T=yy uolie|ndod |30} 3y]

Ul 9,65 pasealau] yjeap pajejal-jeay uospieyaly ‘g
J0 3381 ay) ‘ainjeiadwal JBWIWNS (0={ ‘Otr=W ainjeiadway plABQ pUE I]]2qE
yieag a8eIaAR Ul 8SBIIIU] 4, T UIED 104 yieap paiejai-1eay ‘Qf=U) Sa}l|E1R) PaiR]a.-I0M lawwns Jenuuy ]eu0|1285-5501) SN S007 -IW D BUBW
(9°T=4¥) siasjiom ysidep
10} UBY] 513¥I0M punoigiapun saseasip Jeay (661°g=U)
yieag 10§ 12y81y sem QH| wolj Aljeliow Jwayas| o) Ajjeroy  sieuw ysejod ajew yaualy J4om punoiSiapun JeuipnyiSuot SN S66T PIIM |B35Bd
(68°9-81'1) 98'7=40
swoydwAs alow 10 aaly)
Sujauaadxa jo sppo ayl salil 94y}
pelY sa|ewWa4 *(9,0€) Sdweld ajasnw
pue ‘(%¢z¢g) ssaulzzip ‘(%85) ayae (s123p10M
Saseasip  -peay ‘(9%99) Suneams Areay alam swoldwAs pajejal (0ZT1=4 Jo yodal angaal
pajejai-ieay swoidwAs pajiodas Ajjuanbaly 1sopw -jeay payodal-}|as  ‘@/=W ‘@6T=U) SI3IOMLIE{ -gnS) aI[BUUOIISANY |BUO]}IBS-5501D) SN 8107 anw 'q Agqy
(%:0'T8)
ured a12sni pue ‘(94,0°86) ssaulzzip
Saseasip ‘(9%,0'00T) SullEams aiam ssauj)l swojdwAs pajejal 19JBUS
pajejai-jeay ieay jo swoidwAhs pauodalisow ay] -jeay papodal-)|as  (68=U) SII}IOM UOIIINIISUDD 198M |BUOIII3S-5501) 1dAS3 8107 43 'veleq
Ssau]| 1eay ajeIap oLl SARY swoldwAs pajejal
saseasip 03 paliodas siauiwini-uado Jo 94,9°69 -jeay payodal-jjas (6=4 A1d01A J1e ‘A3 piw
pajejai-leay pue sIaujWw punoi8iapun jo %k'g/  ‘ainjesadwal Apog aio) ‘GG= ‘09=U) siau|w pjon -Ny dAIIRJRI ‘1DGM |BUOIIIDS-5S01) BjURZUB] 8TO0T 1ysaw ‘9 '3
(Si2310M
Saseas|p wojdwAs |¥H auo 1sea) swoldwAs pajejas (1=4 ‘vST=W Jo podal anpgal Aauieay|
pajejai-1eay 1B pPaJualiadxad SIIOMWIR) JO %T/ -jeay payodal-jjas ‘QGT=U) SIDIOMILIEY  -ONS) BIBUUOIISANT |BUOIIIFS-5S01) SN 910Z 'q AMo8aln
Syjeap 1°0Q pue ‘suoneziejdsoy syieap Syjeap £Z pue suoljez
S35BASIP T°T ‘S}SIA Q3 §°8 219M a1ay) sieak pue ‘suojjezijeydsoy -njeyndsoy 91t ‘g3 ul pajeasn Ago)joiwapida OuBIOW
paiejal-1Ba  -193J0M 000'00T/I¥H PRIRII-IOM ‘S1ISIA 03 PRIR|al-1BaH SASEI |YH PRIB|2I-HIOM 626 T auay aanduosaqg SN 9107  JenpieH |aine
Mo3aey s}nsal ujey 3awol3Ino yjjeay sjuediijed 3Insodxa jeay usisap Apmsg Ajunoy ieap 1oyne jsii4

DE GRUYTER

(panunpuod) :gajqel



DE GRUYTER

: Heat exposure and workers’ health

a—
@
Q
@

-

6

J0U SEM }1 UAYM
0} paledwod ‘sAep aA;INI8SU0D 331Y)
10 (3113u92:13d YI06) Do £'EEZ SEM
ainjeladwa) wnwixew Ajep

uaym paniasqo (0€° 1-10'T 'ST'T ¥0)
AInfuy Jo 3S14 pasealnu) %S T B Yyim
‘129449 1588U0115 BY] Yum pajeldosse

(£8%°99=U) z10C

Anfuy alam sainjeladwa) awalixa jou SWwiep  —Z00Z YIEBW 0} JaqIIAON ainjesadwal sauupPw
10 uapIyY  Ing Ygiy jo sAep aAlNlasuod aaly] Ainlur pajejai-iom ur swiep Ainful aanay wnwixew Ajleq 19A0SS01I-85B) Bl|RAISNTY 810T v yupn(
swie)d Anful Ajrep ul aseanul (1Zo°T
—ZT10°T "L10'T=4Y) %L'T Yiim paie
-1205se Sem ainjeladius] wnwjujw
uj asealdul ), T swiepd Anfur Ajep
Ulasealnul(Z10 1-zZ10'L ‘Y10 T=4¥) (8TH7'5=U)
Ainfuy %17°T B U1IM PRIBIDOSSE SEM 24n] swiep SUOSEaS Wiem Jo pouad ainjeiadwal Suays
10 Juapily  -eiadwal WNWiXew uj asealdul ), T Ainfur pajejas->iop 9yl Jano saunful pajejal-yiom wnwixew Aleq J19A0SS01I-ase) euly) 8I0T Suoi8uoy
(900°T-000°T) £00° =4O ‘Sia3ioM (ow6°9r=U)
8jewW pue (STO'T-TO0'T) 800" T=Y0 "2102-700Z pouad
‘siavjiom SunoA 1oy ainjesadway oy} Bupnp ‘sieal §1< pase
Aanfuy awABp WNwixew pue s Anfug swiep  Jayiom e 03 Ainful ande oy amjeladway sauupw
10 JUapPIIIY  UIIMIDQ SUOIIRIIOSSE JO Y}Sualls ay] Ainful pajejai-spop  wiepd uoesuaduwod s 19310 100pINo JUIIqWY  JBA0SS0II-3SE) elRASY  L10T v yupn(
(8eH'6z=U) A108a1eD
sjuapiade jo AJluanas 1aysiy 1ayns U011INIISUDD J0j BI|RAISNY
0} A}2y1] 2101 pue SIU3PIIIE 0] B|ge yInos ul £10Z aun| 1€
Anfup  -1uUInA ale siaxiom Auedwod pazis swiep 03 zooz An( T Sulinp paliod SUEINIIELE] ulopzaawey
10 JuapIy -Jlews ‘@Se pjo ‘SundauiSua |In1D) Ainlur pajejai-yiom -aJ swie)d uopesuadwo) SaABM JBaH -1SeND BlRIISNY 10T zaauwey
Do §Z> 0] paledwod D, €€«
pue ‘€€—0€ ‘6Z-ST J0 Xapiwny
wnwixew Ajtep 10§ (02" 1-10°1) (66%'082=U)
Anfup OL'LPUe (ST'I-90'D) ST'T '(ZT'T swie) Swie)y uofjesuadwod xaplwny
10 JUapIY —90°T) #T°T Sem ¥O Anluj aewnes) Ainluy paiejai-iom s Aaom Ainful aizewnes) Allep wnwixew Ian0S5042-258) SN 910z Jopads '] aunf
suoijesuadwod 23gqany Ul 0TOZ 03 £00T ainjeiadway
Ainfur - (£00°'1—200°T) ZOO'T SeEM asealdu| Ainful pajejas  (8/0'w/€=U) aseqeiep gOM  ging Aip wnwixew Jednod
10 JUapIIY D, T Jad suonesuadwod Ajiep jo ¥y| -j10m jo sjunod Ajreq ay3 Ag pajesuadwod Ainfu) Aunoy Ajeg Apnis poyod BpEUBR) STOT -WepY auely
1U9pIIDE Paje|ai-yI0M JO XSi1 Isaysiy wT1=4 ‘TTL=W
Ainful ayjie aiam ), §'/LZ PUB 847 Usamiaq sjuapiie ‘GEG=U) SIUBPIIIE HIOM (Ly) 2am
10 Juapiaoy pasuel anjea |y awndep adeisae uy JIOM JO 1aquuny 0} anp uolssjwpe jeyidsoy  -esadway jualeddy Jeuipni8uo Alell 900z o0ligeIOW 0dBW
(10°0:d) ainjeladwa)
D, GE @AOQE OT'T SEM SIaYyl0 pue lawiwns Ajjep
yieaq 1T SEM S19)10M 100PIN0 JO ¥YIW YOW  (99Z°06=U) S193JOM JOOPIND  wWnuw|xew afessny jeuipniguon B30y 6107  led |nyrSuo|
Ai08aje) s)|nsal ujey awod}no yjjeay sjued)d|jied ainsodxa jeay  uS)sap Apnis Alunoy ieap loyne 3s114

(Panupuod) 1 2)1qeL



7

Heat exposure and workers’ health

Lee et al.:

DE GRUYTER

wajsAs
Ateulin uo 13343

wajshAs
Aleurin uo 12943

wayshAs
Aeupn uo 12943

WwajsAs
Aeupn uo 129443

waisAs
Aeupin uo 129443

waisAs
Aeupn uo 129443

Anlul
10 JUIPIIY

Anfu
10 Juapiay

Ainfu
10 JUapIdy

¥apul jeay ul asealiul (4, 8) J. § Yyoea
10} 9% /% paseaiu] [}y jo Sppo 3yl

(72 1-%0'T ¥£' 1=Y0)

I)Y O SPPO pajsn[pe pasealou] pey
ule1}s 1eay paouaadxa oym SIxIom

Aanpadsal
‘SI9LWWIB) PUB SI9Y10M LOT}

-INIISUOI *51833IN0 BUBIIRENS JO 9T
pUB 6 ‘9T U] Pa1iN3d0 ¥40a painpay

PasEaidap wnis

-sejod pue apuolyd jlym ‘pasealdu]
udS0131U BAIN pUR PIIE LN ‘BUlU
-[1B3ID WNIBS "HIYS SSoIe sagueyd
juedyjusis AjeajsieIs alam alay]

(100°0>d

194,6°0) S4Jom ainjeladwal-wool
Yl Suowe g/ pue (950°8) SiIoMm

eale-]oy alyl Suowe alam €01

‘8say} JO 'sauols Aleulin jo aposida
JU0 15B3] 1B Ylm patuasaid pey
(9:54°T) 18L ‘S193J0M 9ZE'0T Yl JO
(8°T-2'T 'S"T=Y0) SIselyijoin

10} ysii 1ay8iy pey awy ainsodxa
AIIEINWIND JA8U0] YIIMm SIadIoM

(VAR

=/"1 '%"y=¥Q) siselyijjoin dojaaap
0} A1) 1sow asam siajuled Aeuds

(SS'T-0T'T) 1€ T=¥y

s1asiom mau Ag apew SwWie|d uol}
-esuadwod uj SaAEM JEAY dIBIDPOW

(T2 1-%1° 1) L1°1

sem jeay oy Ainfuijeuopednado jo ¥y

(£1°1-C0'T ‘60°T=44)
SOABM JEBY SULINp paindio

SJUBPIIIE pajelai-yiom Jo dead ayl

si0jea|pul
uoiauny Aauppy

pue snjeis uoljeipAy
11Ys >10M B JO 35IN0D

83 1240 )Y ap1U|

uojjelpAy pue uopauny
Aauppy jo siayiewolg

4499

SISeIYIoAN

SISeIyHION

sassau])|

pue salniul patejai-yiom

Ainfurjeuonednang

Anfuy jeuopednaag

SI}IOM
|einynauSe JuelS|ww| Z61

siaiom |einynause €8¢
SI3ULIB) D|RIS-||BWS

7§ PUE S13%10M UOI}INIIS
-U02 96 ‘S1a33Nd auedesSns
213M 98 :S1d[JoM dBW HET

(918w ‘647-8T pase
‘681=U) siapnd auediesng

saafo)dwa 9z g0t sAlisnpu)

(887'g=u) Aued

-wod Suipjingdiys jo eiep
%2242 yieay 010Z-€00T
£10Z-£00C sieak

a2y} 10J SInojjed axue|nque
pajeai-lom pue swiepd
co_umwcwnEou SIS0
(zey'sLT'T=u)
010Z-900¢ pouiad

ayl ul mm_L:_:_ paie)al-yI1oM
£10C 91 000Z (780 T=4
‘IHT'9=W 'STEL=U)
saunluy jeuonednaag

¥apul jeay

ulels jeaH

S5alls jeaH

aimeladwa;
Aepyiom ueawy

Do S17 UBL

1931eaid aumeladwal

(dwn ainsodxa

IAIIRINWND) 2uNS
-0dx9 Jeay Jullquy

SIAEM JEIH

ainjesadwal e Ajleq
ainjeradwa) aSelane

Ajep *ainjesad

-Wway wnwixew Ajreq

JeulpnyiSuo

19A055012-a5e7)

1BUO1}D85-5501)

19A0S5012-85E7)

|eUO}395-5501)

1041U03-a5Ee)

1aA055012-95E7)

19A0S5012-9587)

1aN055012-95E)

sn

sn

enseledIN

10peAIES 13

lizeig

BUIYD

BljRAISNY

Aley|

Arell

810¢

4102

910Z

S10Z

7002

710¢

610¢

610C

810¢

XIw auljanbae|

adhow A)jes

Sunassam
Bulleyie)

oujueqes)
-B12JE0) LUOWEY

uely zim

on1 SujwieH

asaysiep
‘W uossalg
opJeULBY

0IpUBSSa)Y

0221y 0a3IeW

AloSaje)

sjnsal uley

awodno yjjeay

sjued|dijied

ainsodxa jeay

usisap Apms

Anqunoy

1A

loyine 315114

(panupuod) :fajqel



DE GRUYTER

Heat exposure and workers’ health

Lee et al.:

8

T

b

wajshs
|e2180]042
-Asd uo 3y3

wayshs
1B21S0]0D
-Asd uo pay3

wajsAs aappnp
-01dal uo 129443
waisAs aapanp
-oidal uo 139443

waisAs aaianp
-04dal uo 129443

waysAs aananp
-01dal uo 129443

wajsAs anjanp
-01dal uo 129443

wayshs
Aeunin uo 12943

(TTT'T-€TT'T) 6£S T=Y0 D-107

10J “(Z00°T-460'T) 187" T=Y0 D1 i04
JiwapidisAp Sujwolaq

40 SiloMm elysnpul pasodxa

-Jeay upysi 4ayd1y pajedipul ¥O
aae)dylom

18 (D, O%7 UBY] B10wW) ainjesadwal
Y81y yiim paje|aosse aq o} punoy
21am a2 Jo sjule|dwod ay) Jo 1Sol

uaweduw)

aauewioyad aayugod ul Supnsal
‘SaUOWI0Y SSaJ1S JO |9Ad) po0|q

9y} ul aseaidu] 0} SPRI| 553115 JRaH
(00°7-69'T) ¥8'T YO Ssal1sip
[ea180joydAsd (99" T-TE°T) 67°1

40 "Yyieay 1esano tood aney ssals
jeay 0} pasodxa ualjo oYM SIBNIOM
(96°7-7£'0) 9%'1=40 "Alanl|

-ap UBaILSII JO SPPO PajeAl]a pey
aimesadwal awalixa 0] aunsodx]
Aiow wiads pasedu|

Y3Im palelD0SSe Sem JBDY SSa0%]
9]820314A 10 3unjesadway

ysiy 01 2unsadxa jeuonednado o}
anp 1ay3le ‘saunjeladwa) |ewApipida
o1na1sal Y81y pey uaw wiads
-00Z081)0 #T pue Jjwiadsooze Og
S]011u02 ayl 10j ueyl (s0'0>d yloq)
198 uo] Appueayiugis sem Jeay o)
ainsodxa, sdnosdqns ayl loj d1l ayl
Aienb wuads ajuanpjul ued
uolje|nsul|e3oias ysnosyj Ajjuaiedde
sligey Sujaj pue jeuoiednang

114dy uj

9%TS PUB ‘YIBW U] %¥§ ‘Alenigay u|
9% EG SEM MY JO 3IUBPIIU| DAIRINWNY

8jyoud pidn

(eaulo3 jo uoipuod ‘uoy
BRIl “Suiydll ‘ean
-3unfuod) swajqoid a3

(aulEUBIpEIOU
‘aujjeuaipe

‘losiu02) sauow

-10 558135 ‘(@IUBLLIO)
-1ad aniiu8od 104) IMOS

ssalls|p 1e2180)
-0yaAsd ‘yyeay jesen0
awodIno yiiig

Ajenb uawag

sishleue uawasg

(dL1) AdueuSaud e
9A3JY2e 0} paiinbal awi|

Alenb wiads

BLI31I (0DIaY) S9Wod
-1no jeqo)8 Sujnoidwy)
:aseas|p Aaupny

(z01=U) siaxiom
dlew jo dnois jo4juod B

pue (zoT=U) 123y 0} pasodxa

SI3XI0M |BLISNPU] I

s Sur)jos
-3l Pa129)as JO SINIOM 00T

(sg=pasodxa
JoU ‘sg=pasodxa-jeay

‘0/=u) siaysomuerd Aipunoy

£06'yZ=U (3Ins

-odxa plezey-yniu ‘1a5iom
-uou ‘asuodsal Sulss|w

0 UOISN|IX3) SIDIOM

uawom pakojdwa pgs
Ajiuayulajdnod
10 SuNsuod uaw got

(s]043u 02 B)1 8y
GZ pue) UawW 3| WUl ZZT

sa1dnoa 91149 ZO¥
sajdnod

9)1M9jul Woly SIBW 9§

siaiom auediesns /1§

198M

Ajiprwny pue auny
-eiadway adejdyiom

Xapul 198M

(aareuuonsanb)
$$9.15 Jeay

uojjednado Jnoqe
Aanins anijdadsoliay
uojednado Jnoqge
Aanins aaiadsonay

uoijednado Jnoge
Aanins anndadsoiiay

uopjednado Jnoge
Aanins anldadsollay
1gey Sujdaas
‘(Bunyis-uou o
Funus) uopedniap

198M

101ju03-a5e)

|BUOI}Ia5-5500D)

]o1ju0d-ase)

|BUO1}Ia5-5501)

Apnis |osuod
-95B) pPalsapN

|BUOIDAS-5501)

|BUOI1IRS-5501D)

|BUOI}I3S-5501)

JBUOIIDDS-5501)
Hoyod
|euipnii8uo)
anlpadsold

eliesing

ysapejsueg

uel

leyr

sn

ajuelq

elpul

aueld

puBlayIaN

sn

900L

£10C

£10T

010c

£10C

6007

£00T

L661

8861

610C

BAQI9SUBA BlIRY

UILUSEA 'Y

lwojzew 12py
ednsjeme]
uemeluag
uewiapuang
eIAIAS

ue N34
a(Q auljopuamo

epeq euwny

neauuoy] 'd

uane *3's doo|

uosmeq
-1a)Ing awie|

Alo8a)e)

s)nsal urew

awodino yjjeay

sjuediyed

ainsodxa jeay

usisap Apms

Anjuno)

1B3A

1oyjne }sii4

(panunuod) :fajqelL



9

Heat exposure and workers’ health

Lee et al.:

DE GRUYTER

"S|BAIR}U| BIUBPYUOD %66 e Ajaieiedas payIew J0U S|BAIDIU| 33UIPUOD Y| pieog uoesuadwo) SO ‘gIM ainjeiadwa)
24019 qINg-19M ‘L9gM ‘011s3]0yD |BI0L D AdueuSald e aad|yde 0} paunbaiawi] ‘d1 1 ‘1581 PO 10100 dO01IS I MDS f011eY BAIIRI3Y ¥y 0leY SPPO MO a1ey a8 uey) Alleow ‘YD W |018353104)
uiaroidod 1 AyIsuag moT *3-1a7 foleY ajey 9IUIPIIL] ¥y tBSEASI MEAH JIWaYIS| ‘gH| ‘uoneziedso-ul ‘Hi ‘sSau))| paie|ay-1eay ‘¥ iuawiiedaq Aduasiawg ‘a3 Anful Asupry anay Iy

(198gM paseaidu] jo ), Jad

9.6 Al@1ewixoidde) ), 9Z<19gGM 1B 8]l Jueay ‘swa)

paInpal Ajjueayiusis sem pajaajjod -qoid yieay pan@diad
218 se|pung 321 Jo Jaqunu Aunoy ayy ‘faianpoid yiom sialsaney 3dll 7T T 198M |0J1U02-35BD) BIpUl €10Z NYeS siyseyqns
Aio8a1e) s}nsal uley awoIIno yjjeay sjued|dijed ainsodxa jeay  uSisap Apnig Anuno) ieajp loyine 15114

(panuijuod) :f a)qel



10 = Lee et al.: Heat exposure and workers’ health

due to the effects of weather, exposure, air pressure, and
other external factors [27]. In another study conducted in
Canada, the incidence rate ratio of daily heat-related
compensations per 1°C increase in Tipay was 1.419 (95% ClI
1.326-1.520) [28].

Death

In a cross-sectional study of annual summer temperature,
for each 1 °F increase in average summer temperature, the
heat-related mortality rate increased by 37% in the working
population (RR=1.37, 95% C1 0.99-1.90), and it was 59% in
the total population (RR=1.59, 95% CI 1.36-1.87) [29].
According to the fatality data from the Bureau of Labor
Statistics in the US between 2000 and 2010, a vearly
average heat-related fatality rate was 0.22 per one million
workers, with the highest rates identified among His-
panics, men, agriculture and construction workers, and
small business owners [30]. The mortality rate of outdoor
workers exposed to heat above 35 °C was 1.17 (p<0.01)
during the summer from 2007 to 2016 in Korea [31]. A strong
correlation between average monthly afternoon heat levels
and mortality from cardiovascular problems was shown in
Nepali migrant workers in Qatar [32]. Moreover, among
French male potash miners, the overall mortality rate was
low (standardized mortality ratio=0.89), and it was lower
in underground workers (age-standardized mortality
rate=660 per 100,000 person-years) than in daylight
workers (age-standardized mortality rate=710). Mortality
due to ischemic heart diseases (IHD) was higher in un-
derground workers than in daylight workers (RR=1.6) [33].

Accident or injury

As a result of an analysis of injury compensation cases in
Canada from 2003 to 2010, the incidence rate ratio (IRR)
was 1.002 (95% CI 1.002-1.003) at a 1 °C increase [34].
Based on the data from 2000 to 2013, the incidence of
occupational injury occurring during the warm season in
Italy Trento was 3.4 + 2.3 events/day, and the incidence
rate increased when heat waves occurred (IR=1.09, 95% CI
1.02-1.17) [35]. The highest risk of work-related accidents
was observed from 24.8 to 27.5 °C for the average day-
time apparent temperature (AT) value in Italy [36]. The OR
of traumatic injury among workers was 1.14 (95% CI
1.06-1.22), 1.15 (95% CI 1.06-1.25), and 1.10 (95% CI
1.01-120) for daily maximum humidity of 25-29, 30-33,
and =34, respectively, and it was strongly associated with
their duties in June and July [37]. The RR of occupational
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injury under hot condition was 1.17 (95% CI 1.14-1.21), and
construction workers had the highest risk of injuries on hot
days [38]. Workers in lower civil engineering sectors were
more vulnerable to accidents and injuries than those in
building services and general construction workers, and
factors such as old age and small-sized companies showed
more vulnerability to severe construction accidents during
heat wave periods [39]. Moreover, injury risk was strongly
associated with maximum daytime temperature in young
workers (OR=1.008, 95% CI=1.001-1.015) and male
workers (OR=1.003, 95% CI=1.000-1.006) [40]. A daily
maximum temperature increase of 1°C was associated with
a 1.4% increase rate (RR=1.014, 95% CI=1.012-1.017) of the
daily injury claims, while a minimum temperature increase
of 1 °C was associated with a 1.7% increase in the rate of
daily injury claims (RR=1.017, 95% CI=1.012-1.021) [41].
Work-related compensation claims were positively asso-
ciated with new workers (RR=1.31, 95% Cl=1.10-1.55),
workers in medium-sized enterprises (RR=1.15, 95%
Cl=1.01-1.17), indoor industries (RR=1.09, 95% Cl=1.01-
1.17), male gender (RR=1.13 95% CI=1.03-1.23), and
laborers (RR=1.21, 95% CI=1.04-1.39) during moderate
heat waves [42]. The increased risk of injury was related to
2-3 consecutive days of hot weather, and it became
apparent at a daily maximum temperature of 27.6 °C (70th
percentile). In addition, three consecutive days of high
temperatures (not extreme) were related to the observed
15% increase in injury risk (OR=1.15, 95% CI 1.01-1.30)
when the daily maximum temperature was 33.3 °C and
above (90th percentile) [43].

Effect on the urinary system

Outdoor workers in China have been shown to be more
likely to present with urolithiasis than indoor workers
(p<0.05), and those with longer cumulative exposure times
had a higher risk for urolithiasis (OR=1.5, 95% CI=1.2-1.8).
In a study, spray painters were reported to be most likely to
develop urolithiasis (OR=4.4, 95% Cl=1.7-11.4) [44]. In a
cross-sectional study of Brazilian workers, 1.75% of
workers had presented with at least one episode of urinary
stones, 8% of whom were “hot-area” workers, while 0.9%
were room-temperature workers (p<0.001) [45].

Changes in eGFR were statistically significant across
shifts among sugarcane cutters, and these workers were
more commonly reported to have heat stress, dehydration,
and kidney dysfunction compared to other workers, such
as subsistence farmers and construction workers [46]. In
the USA, workers in hot conditions had increased adjusted
odds ratio and a cumulative incidence of acute kidney



DE GRUYTER

injury (AKI) [47-49]. In particular, heat stress, dehydra-
tion, and kidney dysfunction were most common among
sugarcane cutters compared to construction workers and
small-scale farmers in Nicaragua [50].

Effect on the reproductive system

Several previous studies have suggested that heat expo-
sure affects sperm quality and motility. Excess heat was
associated with impaired sperm motility through scrotal
insulation, which can apparently affect sperm quality
[51, 52]. Moreover, 20 men with azoospermia and 14 with
oligozoospermia in India had high testiculo epididymal
temperature due to occupational high temperature expo-
sure or variocele [53].

Exposure to extreme temperature had an elevated
odds ratio for cesarean delivery (OR=1.46, 95% CI=0.72-
2.96) [54]. The group exposed to heat had a significantly
longer time to reach pregnancy than the control group
(p<0.05) [55].

Effect on the psychological system

Heat stress has been shown to be associated with psycho-
logical distress and cognitive problems in some studies.
Workers frequently exposed to heat stress had psycholog-
ical distress (OR=1.49, 95% CI=0.72-2.96) in a Thai cohort
study [56]. Moreover, cognitive impairment was observed
in workers with increased stress hormones and dehydra-
tion symptoms caused by heat stress [57].

Other effects of heat exposure

Workers with heat exposure have been associated with
dyslipidemia, eye, and cardiovascular problems in
several studies. Most of the work-related complaints were
eye problems while working under high temperatures
[58]. An increased odds ratio of dyslipidemia was
observed in heat-exposed workers with high total
cholesterol (OR=1.481, 95% CI=1.097-2.002) and low
density lipoprotein (LDL) cholesterol (OR=1.539, 95% Cl
1.123-2.111) [59]. Among the rice harvesters in India, a
slow recovery of heart rate, indicating cardiovascular
strain, was observed in a case-control study [60].

Lee et al.: Heat exposure and workers’ health = 11

Discussion

This is the review to assess the effects of heat exposure on
workers’ health. Exposure to heat was closely associated
with increased risk of various diseases, injury, or accidents
among workers.

Heat-related diseases accounted for most of the heat
exposure-related health effects., It is well known that
higher temperatures have increased workers’ visits to
emergency rooms and hospitalization rates related to heat-
related diseases, and these characteristics have been
observed in men and in people of color [14]. The most re-
ported symptoms were sweating, headaches, dizziness,
and muscle aches, as well as fatigue and skin rashes [24]. In
a particular study, the proportion of women who reported
three or more symptoms together were triple the proportion
of men [23]. Regarding occupations associated with heat
exposure, construction workers, manual workers, and
farmers were frequently considered. Additionally, there
were studies on miners, forestry workers, and radiation
decontamination workers. A study showed that the
industrial accident compensation for heat-related chronic
diseases such as heat stress/heat stroke increases with
each temperature rise and with heat waves [27, 28].

Just as the prevalence of heat-related diseases
increased with temperature increase, so did the mortality
rate. This trend has been consistently reported in many
countries, including the United States |29, 30], Korea [31],
Qatar [32] and France [33]. Heat-related deaths were higher
in Hispanics, men, agriculture and construction workers,
and in small-sized enterprises [30], and ischemic heart
disease was reported as one of the possible causes [33].

Generally, groups vulnerable to heat exposure are
known as older people. There are reports that the increase
in temperature increases both cardiovascular and respira-
tory hospitalization rates and mortality rates for older
people [61], and that policies such as improving housing
structure are needed because older people have relatively
little external activity [62]. Since workers’ heat exposure is
estimated to occur a lot in outdoor workers, customized
support for workers may be needed, such as policies such
as issuing heat wave-related alerts and measures to
monitor body temperature.

In Canada [34], Italy [35], China [41], and Australia [42],
when the temperature rises, it has been reported that the
number of cases of injury-related claims and compensation
increases, In addition to the average daily temperature,
heat waves and peak temperatures for more than two
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consecutive days were also associated with injury risk|42,
43]. It was reported that construction workers had the
highest risk of injury during heat waves [38], and male and
young workers had a higher risk [40].

Outdoor workers exposed to hot temperatures have a
high prevalence and risk of urolithiasis, high adjusted OR,
and incidence of kidney dysfunction, including reduction
of eGFR and AKI [44-50]. Dehydration caused by sweating
is one of the main mechanisms inducing urolithiasis under
heat exposure, and the chronic state of dehydration may
change the renal tubules to an acidosis state [44, 63].
Urolithiasis is also associated with hypocitraturia, and it
can cause hydronephrosis, pyelonephritis, and even kid-
ney failure such as AKI and CKD [45, 64]. Moreover, daily
exposure to heat stress and repeated dehydration may
induce renal hypoperfusion, and rhabdomyolysis associ-
ated with excessive exertion may cause CKD due to
inflammatory cytokines, oxidants, and uric acid [65, 66].
Hyperuricemia, a high-risk factor in CKD, was especially
high in sugarcane cutters and construction workers [67].
Adaptation strategies and effective health precautions
should always be considered and developed to cope with
the occupational health effects caused by heat stress. In
order to prevent the occurrence of urolithiasis, outdoor
workers exposed to hot temperatures should reduce their
workload during hot months and periodically measure
their hydration status. Additionally, workers should
consume sufficient water, such as electrolyte drinks, dur-
ing the heat exposure period [44, 50, 68].

Heat exposure reduces the sperm quality and motility
not only in workers but also in the general population, and
it causes adverse effects such as delivery problems [51-55].
Previous studies have revealed that spermatogenesis re-
quires scrotal hypothermia physiologically, and increasing
scrotal temperature in men disrupts spermatogenesis and
causes sperm abnormalities[51, 69, 70]. Infertility in male
workers exposed to heat at their workplaces was reported
in some studies, and the time to achieve pregnancy (TTP)
was found to be relatively longer in women whose partners
were exposed to occupational heat stress [71-73]. The p53
gene activation leads to cell cycle arrest, which prevents
normal spermatogenesis with damaged DNA, and this is
one of the mechanisms underlying the impairment of
spermatogenesis under heat exposure and is related to
quality control of sperm cells [53, 74-76]. Short-term heat
exposure has a reversible effect on spermatogenesis;
however, chronic exposure can lead to irreversible damage
to the reproductive system, related to infertility.

In general, there are reports that exposure to heat
during pregnancy can cause congenital malformation
[77, 78], and in the case of the paternal system, exposure to
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heat increases the likelihood of certain brain tumors in the
child [79]. However, in the case of groups of workers, the
relevant literature was insufficient. Reproductive toxicity
has significant ethical implications, requiring further
relevant research.

Psychological distress and cognitive impairment were
observed in workers exposed to heat stress [56, 57]. In a
cohort study, workers who experienced heat stress at work
had higher odds of psychological distress in Thai (adjusted
OR=1.84, p<0.001) [56]. In theory, decline in cognitive
function due to heat stress is related to complex mecha-
nisms in the body. Interaction between stress hormones,
such as cortisol, adrenaline, and noradrenaline, and
cognitive function has been demonstrated in previous
studies [80, 81]. Exposure to heat increases the concen-
tration of stress hormones (81, 82| thus, cognitive perfor-
mance impairment has been observed [57]. Heat stress with
other environmental stressors can negatively affect
workers’ mental health and cause occupational accidents
by reducing workers’ concentration. As mentioned earlier,
cognitive impairment is associated with complex physio-
logical mechanisms; therefore, proper recognition and
control of the mechanisms can prevent the adverse effects
of heat stress on the psychological system.

There are reports (83, 84] that exposure to high tem-
peratures not only decreases cognitive function but also
increases hospitalization for actual mental illness. Suicide
attempts have also been reported to increase [85], and
mortality rates have increased 2-3 times in patients with
mental illness [86, 87]. In the case of outdoor workers,
depending on the country, there is a possibility that they
are elderly or marginalized from public health. However,
research on mental disorders of workers is insufficient, and
additional related studies are needed.

Eye problems, dyslipidemia, and cardiovascular strain
have also been reported to be affected by heat exposure in
other studies [58-60]. Regarding eye problems, the
occurrence of thermal cataracts has long been well known
as an occupational affliction. Conjunctival inflammation
was significantly associated with workplace heat exposure
among re-rolling mill workers in Bangladesh through a
cross-sectional study (p<0.001). Infrared and ultraviolet
rays emitted from the workplace environment may also
cause many eye problems to heat-exposed workers [58].
Meanwhile, the specificity of a country in the development
stage, such as Bangladesh, and a lack of awareness of
personal protective equipment (PPE) should be considered
for eye problems. The risk of dyslipidemia was higher in
heat-exposed workers, as shown by the odds ratio, with
significance depending on the shift schedule, workload,
and psychosocial factors [59]. The level of cholesterol is
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also related with the secretion of cortisol and catechol-
amine, which increase under stress conditions [88, 89].
Similarly, cardiovascular strain is associated with cortisol
secretion under heat exposure [90, 91]. The lipid profile of
heat-exposed workers should be screened regularly, and
since cardiovascular strain is also associated, the recog-
nition of heat exposure effect will be important for workers.

We classified the health effects of heat-exposed
workers into seven categories: (1) heat-related diseases,
(2) death, (3) accident or injury, (4) effect on the urinary
system, (5) effect on the reproductive system, (6) effect on
the psychological system, and (7) other effects, considering
disease mechanisms. Although the working population
tends to be relatively young and healthy, which is not
considered the most important factor in studies related to
heat exposure, generally known heat-related health effects
have been consistent with those reported in workers. In
particular, outdoor workers (e.g., construction workers,
agricultural workers, and forestry workers) have been
reported to be at risk of HRIs, injuries, and deaths, in
several studies. In addition, men were more susceptible to
heat-related health effects than women; vounger workers
under 30 years of age were also as vulnerable as the elderly
population. The literature analyzing industrial accident
compensation system data focuses only on the relatively
developed countries, and large-scale research in low-
income countries is relatively scarce. Given that more heat
exposure-related diseases will occur in developing coun-
tries, more research on industrial accident monitoring
systems in low-income countries is needed to establish
appropriate prevention strategies. On the contrary, studies
have shown that non-white people suffer more heat-related
injuries or deaths than white people. Although socioeco-
nomic factors appear to act as confounding variables,
studies on relatively large Asian or African populations are
currently lacking. Diseases of the urinary system due to
heat exposure have been actively studied recently, but
there is no large-scale analysis of their social burden. Most
urinary stones are cured. However, as there are cases of
deaths due to urolithiasis even in developed countries [92],
the burden on workers in low-income countries is likely to
be greater, but the research effort is insufficient. Relatively
unknown health effects, such as dyslipidemia or increased
eye disease, have been reported. Further follow-up studies
to prove the causality in these cross-sectional studies
would be helpful in devising strategies to prevent excessive
health care costs and improve the health of workers
exposed to high temperatures.

Our review demonstrated that workers exposed to heat
could be a vulnerable population in terms of health and
safety at the workplace. Further research, including a
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longitudinal design and assessing the dose-response
relationship and summarized effect, should be conducted
to examine more closely the links between heat exposure
and workers’ health.
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