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2012 984 81 190 333 279 101
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2014 556 34 130 239 128 25
2015 1,056 84 222 386 268 96
2016 2,125 110 461 813 594 192
2017 1,574 90 332 630 405 117
2018 4,526 151 873 1,688 1,307 507
M (%) 12,453 685 2,511 4,723 3,375 1,159
(100) (5.5) (20.2) (37.9) (27.1) (9.3)
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2014 5 4 - - - - 1
2015 | 6(1) 4(1) 2 - ; - ]
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2017 27(4) 12(4) 9 2 - 2 2
2018 | 70(13) 35(7) 18(2) - 3(1) 3(2) 11(1)
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| (Intervention / exposure) 2 =59 1g
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O (Outcome) A &AF ArG
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44182, <l
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2ol A9 7Ee Bed 2o

(D study participants were NOT working population

(2) the main exposure was NOT high temperature

(3) the effect was NOT human health

(4) NOT the original article

(5) the research was NOT reported in English in a peer-reviewed

journal.

AA 2 BF mzE3H S PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta-Analyses)E 283}t
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Records identified through Additional records identified through Google

PubMed database sca Scholar (n=78)

5
g

&
&
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i
5

| Full-text articles assessed for eligibility (n = 111)

Eligibility

Studics included in qualitative synthesis (n = 52)

(1) Deaths (n=6)

Included

[d8 3-10] MAXN 2% U&8 T
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1 Mortality from c.ardlovascular diseases 1995 | Pascalwild bt
among potash miners exposed to heat
2 Heat-related fatalities in North Carolina 2005 | Mana C. A
Mirabelli
Characterizing occupational heat-related
3 mortality in the United States, 2000-2010: 2014 Diane M. Abat
an analysis using the Census of Fatal Gubernot
Occupational Injuries database
Socioenvironmental factors associated with
4 heat and cold-related mortality in Vadu 2017 Vijendra bt
HDSS, western India: a population-based Ingole
case-crossover study
5 Heat Stress Impacts on Cardiac Mortality 2019 Bandana bt
in Nepali Migrant Workers in Qatar Pradhan
Analysis of Mortality Change Rate from
Temperature in Summer by Age, Jonachul
6 | Occupation, Household Type, and Chronic | 2019 Pgrk Aty
Diseases in 229 Korean Municipalities from
2007
Relatlonshlp between Work—re.slgted. Marco JURRE!
7 accidents and hot weather conditions in 2006 A AF
MORABITO =g
Tuscany (central Italy)
Effect of summer outdoor temperatures on Ariane At gl
8 L 2015 | Adam-Pou A Ab
work-related injuries in Quebec (Canada) part =g
A Case—.Crossc.)ver. Study of Heat. Exposure June T. JURRE!
9 and Injury Risk in Outdoor Agricultural 2016 AL
Spector o
Workers
10 The Impact of Heat Waves on Occurrence 2017 R:fanZZe At 8l
and Severity of Construction Accidents =4

en
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Association between high ambient
temperature and acute work-related injury:

Judith A | At &

1 a case-crossover analysis using workers' 2017 Mclnnes =4
compensation claims data
Does hot weather affect work-related -
e ) Rongrong | At &
12 injury? A case-crossover study in 2018 Shen PN
Guangzhou, China 9 =<
The impact of sustained hot weather on Judith AT gl
13 risk of acute work-related injury in 2018 Anne iM"‘
Melbourne, Australia McInnes =<
Air temperature exposure and agricultural
14 occupational injuries in the Autonomous 2018 MATTEO | At &
Province of Trento (2000-2013, RICCO =4
North-Eastern lItaly)
Nationwide epidemiological study for
AbD ol
15 estimating the effect of extreme outdoor 2019 Ales§andro ri_Mx
. T Marinaccio o
temperature on occupational injuries in ltaly
Heatwave and work-related injuries and
illnesses in AdeIa@Ie, Australla: a Blesson M. | Afm 1
16 case-crossover analysis using the Excess 2019 Varghese oAb
Heat Factor (EHF) as a universal heatwave 9 =
index
Exposure to ambient heat. and urolithiasis Haiming H| i Al
17 among outdoor workers in Guangzhou, 2014 Xt
. Luo S
China
High kidney stone risk in men working in LUIZATAN | H|&4l
18 . 2004 Xt
steel industry at hot temperatures S
Heat stress, dehydration, and kidney .
L . RaménGar Al
19 function in sugarcane cutters in El 2015 | cia-Trabani H| A
Salvador--A cross-shift study of workers at o A
risk of Mesoamerican nephropathy
Heat stress, hydration and uric acid: a .
: . Catharina Hl b Al
20 cross-sectional study in workers of three 2016 | Wesseling |
occupations in a hotspot of Mesoamerican A

nephropathy in Nicaragua
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Heat strain, volume depletion and kidney H| b 4
211 function in California agricultural workers 2017 | SallyMoyce ZA
The |mpact of heat ghd impaired kidney MirandaDa | H[Al
22 function on productivity of Guatemalan 2018 I )
sugarcane workers y c
23 Hydration Status, Kidney Function, and 2018 Jacqueline | H|&z
Kidney Injury in Florida Agricultural Workers Mix A
Evaluation of heat stress and cumulative JaimeButle H| i A
24 incidence of acute kidney injury in 2019 | r-Dawson 7”74I|_
sugarcane workers in Guatemala °
Influence of Qccgpahon and I|V|n.g hab!ts JoopS.Elay | AAI7|
25 | on semen quality in men (scrotal insulation | 1988 en A
and semen quality)
Effect of male occupational heat exposure P.THONNE | A7
26 : 1997
on time to pregnancy AU A
Spermatogenic arrest in men with RimaDada | “d4!7|
27 . . 2003
testicular hyperthermia A
Occupational exposures obtained by GWENDOLI AAL7|
28 | questionnaire in clinical practice and their | 2009 | NEDEFLEU °7;'|
association with semen quality RIAN
Physical and Organizational Job Stressors . AH AL
7
29 | in Pregnancy and Associations With Primary | 2017 SyliaGuen | 427
A delman A
Cesarean Deliveries
The association between overall health,
psychological distress, and occupational Benjawan gl
30 . 2010 I
heat stress among a large national cohort Tawatsupa s
of 40,913 Thai workers.
The influence of occupational heat
31 exposure on cognitive performance and 2017 Adel gl
blood level of stress hormones: a field Mazlomi z
study report
The effects of hydration on cognitive
performance during a simulated wildfire Michael Al
32 . o 2019 . A
suppression shift in temperate and hot A.Cvirn 4

conditions
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Eye problems among the workers in

i 7|E
33 re-rolling mill exposed to high temperature 2013 | R. Yasmin It
34 Dyslipidemia in mdustnal workers in hot 2006 Katia 7|}
environments Vangelova

Heat exposure, cardiovascular stress and

35 wgrk product.wlty in rice harvesters in 2013 Subhashis 7|}
India: implications for a climate change SAHU
future

Mortality and Morbidity during Extreme
36 Heat Events and Prevalence of Outdoor 2018 Kevin =g
Work: An  Analysis of Community-Level Riley HEg

Data from Los Angeles County, California
Risk factors for heatstroke among TakafumiM | S
37 2006 o
Japanese forestry workers aeda HEe
Differences on the effect of heat waves on = oy 1}
38 mortality by sociodemographic and urban 2013 YihanXu %E%
landscape characteristics =
Summe.r outdoor temper.ature anq ArianeAda | Eom
39 occupational heat-related illnesses in 2014 m-Pounart | i=lst
Quebec (Canada) P i

Jeffrey W.
40 Heat-related illness among Oregon farm 2014 Bethel and | =gt
workers Renee HEgt
Harger

Heat lllness Among North Carolina Latino ThomasAA | Eg&
41 2015 g
Farm workers rcury A 2 ot
Risk Factors for Heat-Related lliness in JuneT.Spec | E&H
42 . 2015 oy x| =
Washington Crop Workers tor A2
13 Extreme heat and occupational heat 5015 JianjunXian | S
illnesses in South Australia, 2001-2010 g st

Risk and preventive factors for heat illness
44 in radiation decontamination workers after 2015 Takeyasuka | gt
the Fukushima Daiichi Nuclear Power Plant kamu st

accident
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Heat-related symptoms in sugarcane

JenifferCro

=
45 harvesters 2015 we HE
Occupational heat-related illness
emergency department visits and inpatient LHarduar | Z&&
46 N . . 2015 g
hospitalizations in the southeast region, Morano H A2
2007-2011
A Comprehensive Evaluation of the Bgrqlen LaurelHard | =3
47 of Heat-Related lllness and Death within 2016 -
_ ’ uarMorano | XSt
the Florida Population

Estimating the Prevalence of Heat-Related
48 Symptoms and Sun Safety-Related Behavior 5016 | GregoryDK gt
among Latino Farm workers in Eastern earney HEg

North Carolina
Thermal Exposure and Heat lliness = oy}
49 | Symptoms among Workers in Mara Gold | 2018 | E.B.Meshi ;._4’;5;}
Mine, Tanzania =
50 Exertional heat illness: knowledge and 501g | DaliaAEl-s =g
behavior among construction workers hafei HEg
Classification of Heat-Related lliness AbbyD.Mut | =& 2t
51 . 2018 : g
Symptoms Among Florida Farm workers ic A E et
Heat-Related Iliness in Midwestern

Hispanic Farm workers: A Descriptive KennithCul | Z&at
52 . : 2019 il
Analysis of Hydration Status and Reported P A 2 2t

Symptoms
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The overall mortality was low (Age-standardized mortality
ratio( SMR)=0.89, based on 570 deaths) and was lower among
underground workers (SMR=660 per 100,000 person-years, 266
deaths) than among daylight workers (SMR=710 per 100,000
person-years, 304 deaths). Mortality from ischemic heart
diseases was higher for underground workers than for daylight
workers (relative risk, RR=1.6)

A

For each 1°F increase in average summer temperature, the rate
of heat-related death increased 59% in the total population
(RR = 159; 95% Cl = 136, 1.87) and 37% in the working
population (RR = 1.37; 95% CI = 0.99, 1.90).

Between 2000 and 2010, 359 occupational heat-related deaths
were identified in the US. for a yearly average fatality rate of
0.22 per 1 million workers. Highest rates were found among
Hispanics, men, the agriculture and construction industries, the
state of Mississippi, and very small establishments.

Odds ratios were higher among farmers (OR 1.70; CI = 1.02-
2.81)

There was a strong correlation between average monthly
afternoon heat levels and mortality from cardiovascular
problems.

Mortality change rate of outdoor workers was 1.17 and others
was 1.10 above 35°C (p < 0.01)

Results suggested that days with an average daytime AT
value ranged between 24.8°C and 27.5°C were at the highest
risk of work-related accident.

>
)

The incidence rate ratio (IRR) of daily compensations per 1°C
increase was 1.002 (95% Cl 1.002-1.003) for all health regions
combined

o>
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Traumatic injury odds ratio, OR was 1.14 (95% CI 1.06 to
1.22), 1.15 (95% Cl 1.06 to 1.25) and 1.10 (95% Cl 1.01 to | At
9 1.20) for daily maximum humidex of 25-29, 30-33, and >=3, 2
compared to <25). Strong association during duties in the | &=%&f
June and July time.
Old age workers are more vulnerable to accidents and more
likely to suffer higher severity of accidents than younger | AtLl
10 | workers during heat waves. Similarly, small-sized companies are el
over-represented among severe construction accidents during | =4
heat wave periods
The strength of associations between injury risk and maximum AT
11 daytime temperature for young workers (OR 1.008, 95% ClI gl
1.001-1.015) and male  workers (OR 1.003, 95% CI 1.000-| _l,,
1.006) = ©
For 1°C increase in maximum temperature was associated with
a 1.4% (RR=1.014, 95% Cl 1.012-1.017) increase in daily injury
claims (significant association in male and middle-aged
workers, small and medium-sized enterprises, working in | At
12 | manufacturing sector). For 1°C increase in  minimum s
temperature was associated with 1.7% (RR = 1.017, 95% CI | &%
1.012-1.021) increase in daily injury claims (significant
association in female, middle-aged, large-sized enterprise,
transport and construction sectors)
Two and three consecutive days of hot weather were
associated with an increased risk of injury, with this effect
becoming apparent at a daily maximum temperature of 27.6 °C
(70th percentile). Three consecutive days of high but not| Atz
13 | extreme temperatures were associated with the strongest effect, el
with a 15% increased risk of injury (odds ratio 1.15, 95% | &=%4f
confidence interval 1.01-1.30) observed when daily maximum
temperature was>33.3°C (90th percentile) for three consecutive
days, compared to when it was not.
. . At
14 The p.eal.< of work-related accidents occurred during heat ol
waves (incidence RR= 1.09, 95% CI: 1.02-1.17, p = 0.0165). oAb
— O
The RR of occupational injury for heat were 1.17 (95% CI:| At
15 | 1.14-1.21). Construction workers were highest risk of injuries el
on hot days. =4
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Work-related compensation claims increased during low and
moderately severe heatwaves. Positive associations were

observed during moderate heatwaves in compensation claims | At1l
16 | made by new workers (RR 1.31, 95% Cl 1.10-1.55), workers in s
medium-sized enterprises (RR 1.15, 95% Cl 1.01-1.30), indoor | =&
industries (RR 1.09, 95% CI 1.01-1.17), males (RR 1.13, 95% ClI
1.03-1.23) and laborers (RR 1.21, 95% Cl| 1.04-1.39).
Spray painters were most likely to devlop urolithiasis (OR 4.4
95%Cl 1.7-11.4). Outdoor workers were more likely to present H| i A
17 | with  urolithiasis compared to indoor employees (p<0.05). ﬂﬁ'l‘
Workers with longer cumulative exposure time had higher risk | <
for urolithiasis (OR=1.5, 95%Cl:1.2-1.8)
Of the 10,326 workers, 181 (1.75%) had presented with at
18 least one episode of urinary stones. Of these, 103 were among | H| =4
the hot-area workers (80%) and 78 among the | FA
room-temperature workers (0.9%; P=0.001).
19 There were statistically significant changes in kidney | H| ‘=4
dysfunction by mean workday temperature. ZA
20 Dehydration and kidney dysfunction were most common | H[z 4l
among sugarcane cutters exposed to heat stress. ZA
21 Workers who experienced heat strain had increased adjusted | H| =4
OR of acute kidney injury (AKI) (1.34, 95% Cl 1.04 to 1.74). A
Workers starting the harvest season with impaired kidney Hl i A
22 | function were more than twice as likely to leave employment 7”74I|_
(HR: 2.92, 95% Cl: 1.88, 4.32). <
The odds of AKI increased 47% for each 5-degree (8F) | Hl'= 4!
23 increase in  heat index ZA
. o
24 Cumulative incidence of AKl was 53% in February, 54% in | H|!z2l
March, and 51% in April. A
o5 Occupational and living habits apparently through scrotal | ‘44|7|
insulation can influence sperm quality. A
:I'he time required to ach?evg.a pregnancy for the subgroups A AL
26 | ‘exposure to heat' was significantly longer (p<0.05) than for 7

the controls




Twenty azoospermic and fourteen oligozoospermic men had A AL
27 | high testiculoepididymal  temperatures, either due to 07;]
occupational exposure to high temperature or varicocele.
‘ L " A7
28 Excess heat was associated with impaired sperm motility. A
29 Exposure to extreme temperature had  elevated OR of | 47|
cesarean  delivery. (OR=1.46, 95% Cl=0.72-2.96) |
Workers who exposed to heat stress have poor overall | 5,
30 | health (OR 1.49, 95%Cl 1.32-1.66), psychological distress (OR | <, =
1.84, 95% Cl 1.69-2.00). °
31 Heat stress leads to increase in the blood level of stress | @417
hormones, resulting in cognitive performance impairment. a
32 Cognitive functions may be deteriorated in the heat while | &4l
dehydrated 2
33 Most of the complaints of eye were found to be associated 7|}
with high temperature (more than 40°C) at workplace
Significantly higher TC, LDL-C and TC/HDL-C were found with
the heat exposed industrial workers. Odds ratio indicated
34 | higher risk in heat exposed industrial workers of becoming | 7|Et
dyslipidemic [for TC OR=1.481 (1.097-2.002) and for LDL-C
OR=1.539 (1,123-2.111)]
The hourly number of rice bundles collected was significantly
reduced at WBGT>26°C (approximately 5% per °C of increased
35 | WBGT) Most workers reported exhaustion and pain during | 7|Et
work on hot days. Heart rate recovered quickly at low heat,
but more slowly at high heat, indicating cardiovascular strain.
Each percentage increase in residents working in construction
resulted in an 8.1 percent increase in heat-related emergency
36 department (ED) visits and a 7.9 percent increase in | =g
heat-related hospitalizations, while each percentage increase in | H &%t
residents working in agriculture and related sectors resulted in
a 10.9 percent increase in heat-related ED visits.
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37

One third of forestry workers developed some symptoms of
early heatstroke during summer forestry work. Multiple
regression analysis selected the following key variables
associated with the development of heatstroke symptoms:
frequency of urination, hotness, BMI and years of forestry work
(standard coefficients: +0.229, +0.194, +0.280 and -0.162)

[
X 0
riok i
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Analyses were based on 52,806 deaths. The effect of three
consecutive hot days was a 30% increase in all-cause mortality
(RR=1.30, 95% Cl 1.24 to 1.38). Heterogeneity of this effect
was observed across census tracts. The effect of heat on
mortality was higher in the census tracts with a large
percentage of old buildings (RR=1.21, 95% ClI 1.00 to 1.46),
manual workers (RR=1.25, 95% Cl 0.96 to 1.64) and residents
perceiving little surrounding greenness (RR=1.29, 95% Cl| 1.01
to 1.65).
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The pooled incidence RR (IRR) of daily heat-related
compensations per 1°C increase in daily maximum
temperatures was 1.419 (95% Cl 1.326 to 1.520).
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Sixty-four percent of respondents reported experiencing a
symptom consistent with heat related illness (HRI) symptoms
during a hot day at work in the past week. Heavy sweating
(50%) and headache (24%) were the most commonly reported
symptoms followed by extreme weakness/fatigue (14%) and
skin rash or skin  bumps (10%).
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A third (35.6%) of the participants reported heat illness while
working outside, and 13.9% while working inside. Factors
associated with heat illness while working outside included
working in wet clothes and shoes, harvesting and topping
tobacco, and spending after-work time in an extremely hot
house.

[
0
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An increase in age was associated with a lower odds of HRI
symptoms (OR=0.92; 95% CI=0.87-0.98). Piece rate compared
with  hourly payment (OR=6.20; 95% CI=1.11-34.54) and
needing to walk for more than 3 minutes to get to the toilet,
compared with less than 3 minutes (OR=4.86; 95%
Cl=1.18-20.06), were associated with a higher odds of HRI
symptoms.
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The overall risk of occupational heat illness was positively
associated with maximum temperature (Tmax), especially when
Tmax was over the threshold of 35.5°C. One degree increase
of Tmax was associated with a 12.7% (incidence rate ratio
1.127, 95% Cl 1.067 to 1.190). During heatwave periods, the
risk of occupational heat illness was about 4-7 times higher
than that of non-heatwave periods. Among the total number
of identified occupational heat illnesses, 142 (46.4%)
compensation claims were diagnosed as ‘heat stress/heat
stroke’, and 133 (43.5%) were diagnosed as ‘other unspecified
diseases or injuries’ due to effects of weather, exposure, air
pressure and other external factors
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Of the 528 workers, 316 (59.8%) experienced heat illness
symptoms. The results of the stepwise selection revealed that
age, outdoor manual labor, adequate sleep, use of a cool vest,
and salt intake were selected as preventive factors, whereas
living in a company dormitory or temporary housing, wearing
light clothing, and consuming breakfast were selected as risk
factors for heat illness.
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The number of heat-related symptoms at least once a week
reported by each individual was higher for harvesters than
non-harvesters, 82% of harvesters compared to 49% of
non-harvesters reported >1 symptoms; for >2 symptoms, these
figure were 59% versus 19% and for >3 symptoms 42% versus
3%.
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Occupational HRI ED visit rates were highest for males
(RR=5.7, 95% CI=5.3 to 6.1) and minority workers (i.e, black
and other race) (RR=14, 95% Cl=13 to 1.5). The rate of
occupational HRI among residents was significantly higher for
males compared to females (RR=20.7; 95%Cl=15.0 to 28.5).
Compared with whites, the HRI hospitalization rate was 1.5
times higher for blacks (95% Cl=13 to 1.8) and 3.4 times
higher for other minorities (95% Cl=2.8 to 4.2).
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The highest rates and counts of HRI were observed in males,
those living in rural counties, and residents aged 15-35 years.
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Nearly two thirds (72%) of farmworkers experienced at least
one HRI symptom and lacked proper cooling methods when
working  outdoors.  Most workers  reported  wearing

Zon
48 | long-sleeved shirts (85%), long pants (98%), and baseball caps ig;
(93%). The prevalence of having one HRI symptom was 72% | — = =
and 27% among workers having three or more HRI
symptoms.
49 Of 78.4% of underground miners and 69.6% of open cut | 2
miners reported to have moderate heat illness. HEs
The most reported symptoms of heat illness were sweating
(100.0%), dizziness (98.0%), and muscle pain (82.0%). Most
50 workers showed signs of minimal dehydration (78.7%). There | & &2t
was a significant improvement in  workers' knowledge about | @& 2t
EHI and behavioral action for prevention after health
education.
Most frequently reported symptoms were heavy sweating
(66%), headache (58%), dizziness (32%), and muscle cramps
(30%). Females had three times the odds of experiencing three
or more symptoms (OR = 2.86, 95% Cl| 1.18-6.89). Symptoms =i}
51 |fell into three latent classes, which included mild (heavy ;;5
sweating; class probability = 54%), moderate (heavy sweating, | — = =
headache, nausea, and dizziness; class probability = 24%), and
severe (heavy sweating, headache, nausea, dizziness, muscle
cramps; class probability = 22%).
The most frequently occurring symptom across all farmworkers
was extreme thirst (19.6%), but muscle cramps (7.4%) and
feeling light-headed or dizzy (5.4%) were also indicated by
52 participants. Younger workers (aged 18-34 years) were more 5%%14:.;*
likely to report distressing heat symptoms of stomach cramps | & &t

(8.6%) than the 2>35-year-old participants (2.2%); however, the
>35 years were more likely to report the less distressing skin
rash (4.4%) than the younger workers (1.7%).
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Abstract

The research for the workers’ health impact related with the

ambient temperature

Objectives:

Climate change in Korea is predicted by a significant increase in yearly
average temperature with longer summer duration. Workers who have to
work regardless of the temperature are greatly affected by the temperature,
which 1s a group that needs health protection. It is necessary to understand
the main characteristics of climate change in Korea and to consider the

health impact of workers according to the ambient temperature.

Methods:

This study conducted review of trend of climate change in Korea and the
literature on air temperature and health effects of workers. The analysis for
health effects of workers according to ambient temperature were conducted.
The daily average and maximum temperature, heat index, and heatwave
warning periods were selected as ambient temperature related factors. The
health impacts of workers were selected through literature review and
expert meetings, and approached in three categories. These are fatal health
effects, general health effects, and heatwave-related health effects. The
observation period was from 2002 to 2015. The association between each of

the four ambient temperature related factors and fourteen health effects were
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estimate using generalized additive models and distributed lag non-linear

models.

Results:

Summers are expected to be very long and yearly average temperature
are highly increased after 50 years in Korea. It has been reported that the
risk of death, accidents and injuries, genitourinary disorders, and mental
disorders is increased among workers who were exposed to high ambient
temperatures. In fatal health effects, it was observed that all cause mortality
and deaths at outside were closely related with high ambient temperatures.
In general health effects, infectious diseases, circulatory system diseases,
cerebral cardiovascular diseases, genitourinary system diseases, accidents
and Injury were associated with ambient temperature related factors.
Heatwave related health effect were related to daily average temperature,
maximum temperature, heat index, and continuous heatwave warning

periods.

Conclusions:
Health effects related to ambient temperature related factors were found
among workers in Korea. Health protection of workers whoe were exposed

to high temperatures is necessary.

Key words: climate change, ambient temperature, health effect, outdoor
workers.
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