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Categories of climate-related hazards

Schulte PA, Chun H. Climate change and occupational safety and health: establishing a preliminary
framework. J Occup Environ Hyg. 2009 Sep;6(9):542-54.



Azienda USL Toscana centro 4

Increased ambient 
temperatures

Extreme 
weather

Vector-borne 
diseases and 

expanded 
habitats

Heat stress
Fatigue

CVD
Kidney diseases

Respiratory 
diseases

Injuries
Acute death

Infectious 
diseases

Hazard/
Exposure

Modified, from: Schulte PA, Chun H. Climate change and occupational safety and health: establishing a preliminary framework. J

Occup Environ Hyg. 2009 Sep;6(9):542-54

Schulte PA, Bhattacharya A, Butler CR, Chun HK, Jacklitsch B, Jacobs T, Kiefer M, Lincoln J, Pendergrass S, Shire J, Watson J,

Wagner GR. Advancing the framework for considering the effects of climate change on worker safety and health. J Occup Environ

Hyg. 2016
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Brownson’s type of scientific evidence

Type 1

 Something should be done!

Type 2

 This particular intervention should be implemented

Type 3

 How an intervention should be implemented

Brownson RC, Chriqui JF, Stamatakis KA. Understanding Evidence-Based Public Health 

Policy Am J Public Health.2009; 99: 1576-1583 
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Inclusion and exclusion criteria

INCLUSION CRITERIA

 Studies published from 01/01/2000 until 16/06/2017

 Studies reporting on workers’ heat-related illness/ injuries and

productivity

EXCLUSION CRITERIA

 Studies reporting the findings from experimental studies

 Studies assessing the effects on subgroups whose exposure to

heat is determined by industrial processes or by environmental

conditions not related to climate change

 Studies devoted solely to the analysis of the health effects of

natural disasters

 Studies assessing the impact of climate change on the production
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Strategy 1 - OUTCOME: HRI, CVD, respiratory diseases, 
kidney diseases

Filters activated: English, From 2000/01/01 – 2017/06/16

#1 It identifies 

hazards/exposures 

("air temperature" OR “climate change" OR "climate 

variability" OR "global warming" OR heat OR "hot 

temperature" OR "heat wave*")

#2 It identifies the 

occupational setting 

("occupational diseases"[MeSH Terms] OR "occupational 

health"[TW] OR "occupational exposure"[MeSH Terms] OR 

"occupational medicine"[MeSH Terms] OR "occupational 

risk"[TW] OR "occupational hazard"[TW] OR 

"Industry"[Mesh:noexp] OR "construction industry"[MeSH

Terms] OR agriculture[MeSH Terms] OR "occupational 

group"[TW] OR work-related[All Fields] OR "air pollutants, 

occupational"[MeSH Terms] OR "working 

environment"[TW] OR worker*[TW])

#3 It identifies the 

outcomes

(cardiovascular OR renal OR respiratory OR kidney OR 

dehydration OR fatigue OR "heat stress" OR syncope OR 

faint* OR heatstroke OR exhaustion OR mortality OR 

morbidity)

OVERALL SEARCH STRATEGY: #1 AND #2 AND #3 NOT animal* 

*

Mattioli S, Zanardi F, Baldasseroni A, Schaafsma F, Cooke RM, Mancini G, et al. Search strings for the study of putative
occupational determinants of disease. Occup Environ Med 2010;67:436–43. doi:10.1136/oem.2008.044727.

*
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Filters activated: English, From 2000/01/01 2000/01/01 – 2017/06/16

#1 It identifies 

hazards/exposures 

("air temperature" OR “climate change" OR "climate 

variability" OR "global warming" OR heat OR "hot 

temperature" OR "heat wave*" OR flood* OR landslide* OR 

storm* OR draught* OR wildfire* OR hurricane*) 

#2 It identifies the 

occupational setting 

("occupational diseases"[MeSH Terms] OR "occupational 

health"[TW] OR "occupational exposure"[MeSH Terms] OR 

"occupational medicine"[MeSH Terms] OR "occupational 

risk"[TW] OR "occupational hazard"[TW] OR 

"Industry"[Mesh:noexp] OR "construction industry"[MeSH 

Terms] OR agriculture[MeSH Terms] OR "occupational 

group*" OR "work related"[All Fields] OR "air pollutants, 

occupational"[MeSH Terms] OR "working environment"[TW] 

OR worker*[TW]) 

#3 It identifies the 

outcomes

(injur* OR "acute death" OR fatalit* OR safety)

OVERALL SEARCH STRATEGY: #1 AND #2 AND #3 NOT animal* 

Strategy 2 - OUTCOME: Traumatic injuries, deaths 
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Filters activated: English, From 2000/01/01 2000/01/01 – 2017/06/16

#1 It identifies 

hazards/exposures 

("Climate change" OR "climate variability" OR "global 

warming" OR heat OR "hot temperature*" OR "heat wave*" 

OR "air temperature*") 

#2 It identifies the 

occupational setting 

("occupational diseases"[MeSH Terms] OR "occupational 

health"[TW] OR "occupational exposure"[MeSH Terms] OR 

"occupational medicine"[MeSH Terms] OR "occupational 

risk"[TW] OR "occupational hazard"[TW] OR "construction 

industry"[MeSH Terms] OR agriculture[MeSH Terms] OR 

occupational group*[TW] OR "work-related"[All Fields] OR 

"air pollutants, occupational"[MeSH Terms] OR "working 

environment"[TW] OR worker*[TW] OR livestock OR 

aviculture) 

#3 It identifies the 

outcomes

((infect* OR vector* OR zoonos* OR mosquito* OR tick*) 

AND (distribution OR geographic* OR region* OR emergen*)) 

OVERALL SEARCH STRATEGY: #1 AND #2 AND #3

Strategy 3 - OUTCOME: Vector-borne 
diseases and expanded vector habitats 
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Filters activated: English, From 2000/01/01

#1 It identifies 

hazards/exposures 

(("air temperature" OR "Climate change" OR "climate 

variability" OR "global warming" OR heat OR "hot 

temperature" OR "heat wave*") 

#2 It identifies the 

occupational setting 

("occupational diseases"[MeSH Terms] OR "occupational 

health"[TW] OR "occupational exposure"[MeSH Terms] OR 

"occupational medicine"[MeSH Terms] OR "occupational 

risk"[TW] OR "occupational hazard"[TW] OR 

"Industry"[Mesh:noexp] OR "construction industry"[MeSH 

Terms] OR agriculture[MeSH Terms] OR "occupational 

group*"[TW] OR "work-related"[All Fields] OR "air 

pollutants, occupational"[MeSH Terms] OR working 

environment[TW] OR worker*[TW])

#3 It identifies the 

outcomes

("work capacity" OR strike* OR productivity OR break* OR 

efficiency OR rest))

OVERALL SEARCH STRATEGY: #1 AND #2 AND #3 NOT animal* 

Strategy 4 - OUTCOME: work capacity
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N studies retrieved: 380

Filters activated: Economics, Sociological

OVERALL SEARCH STRATEGY

productivity AND "Climate change" AND worker*  

(All fields)

Strategy 4  - OUTCOME: Work capacity 
SCOPUS
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Study selection

Strategy

#1

Strategy

#2

Strategy

#3

Strategy

#4

Strategy

#4

(Scopus)

N tot 805 508 170 424 380

N after
title -
abs

132 54 50 42 21

N after
full-text

112 43 36 32 11

164 original publications
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Information gathered

◦ Source

◦ Country/ region

◦ Period

◦ Study design

◦ Population

◦ Heat exposure indicator

◦ Outcomes 

◦ Main results

◦ Key for preventive measures
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Number of studies retrieved per year
(period 2000-2017)
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Proportion of studies retrieved per geographic
region
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Number of studies per geographic region
and period

Region 2000-2004 2005-2008 2009-2012 2013-2017

Africa 6 2

Asia (except China) 1 4 6 12

Australia - NZ 1 4 14

Central America 4 10

China 1 6

Europe 2 1 5 5

Global 1 4 17

HIC 2

LMIC 1

Mediterranean Basin 1

Middle East 2 4 3

North America 1 4 7 30

South America 1 2
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Working population subgroups

N %
WORKING POPULATION 49 29.9
AGRICULTURE 31 18.9
GENERAL POPULATION 16 9.8
GENERAL POPULATION, INCLUDING WORKING 
POPULATION 14 8.5
CONSTRUCTION 13 7.9
ARMED FORCE 5 3.0
ELECTRICAL UTILITY 3 1.8
MANUFACTURING INDUSTRY 3 1.8
MINING 4 2.4
FIREFIGHTERS 2 1.2
OUTDOOR WORKERS 2 1.2
AGRICULTURE - FORESTRY 1 0.6
TRAFFIC CONTROL 1 0.6
FORESTRY 2 1.2
OTHER 7 4.3
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Other subgroups considered

N %

VECTORS 9 5.5

LIVESTOCK 4 2.4

INFECTIOUS AGENTS 2 1.2

HUMANS, ANIMALS 
AND VECTORS 1 0.6
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Number of reviews retrieved per period
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HEALTH OUTCOMES STUDIED

N %

Heat-related illness 103 63%

Vector-borne diseases 36 22%

Productivity 32 20%

Injuries 14 8%
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Most studied health outcomes in 
agriculture/forestry

Agriculture Forestry

N % N %

HEAT-RELATED ILLNESS 10 21.3 2 4.3

VECTOR-BORNE DISEASES 7 14.9 - -

VECTORS DISTRIBUTION 7 14.9 - -

KIDNEY DISEASES 6 12.8 - -

PHYSIOLOGICAL PARAMETERS 4 8.5 - -

INFECTIOUS DISEASES 3 6.4 - -

MENTAL HEALTH 3 6.4 - -

HEAT-RELATED ILLNESS -

PRODUCTIVITY 2 4.3 - -

PRODUCTIVITY 2 4.3 - -

CVD DISEASES 1 2.1 - -

INJURIES 1 2.1 - -

PHYSIOLOGICAL PARAMETERS –

PRODUCTIVITY 1 2.1 - -



Azienda USL Toscana centro 22

Results – main health outcomes in 
agriculture (1)

 muscle cramps

 dizziness

 Heavy sweating

 headache

 extreme weakness/fatigue

 skin rash or skin bumps

 fainting

 dehydration

 cardiovascular strain

 Injuries

 Drought and risk of suicide
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Heat strain (Moyce) and AKI in farm workers

 Increases in heart rate and loss of body weight

 Changes in blood markers (Creatine kinase, plasma

malondialdehyde, glutathione peroxidase, glutathione transferase) and

higher blood pressure (autonomic imbalance?)

MEAN URINE SPECIFIC GRAVITY, URINE OSMOLALITY, SERUM

CREATININE, URIC ACID, UREA NITROGEN

eGFR, URINARY pH, chloride and potassium

 The adjusted ORs of decreased kidney function for 10-year increments of

coastal sugarcane or cotton plantation work were 3.1 (95% CI, 2.0-5.0) in

men and 2.3 (95% CI, 1.4-3.7) in women.

 CKDu (Sugarcane farmers)

Results – main health outcomes in 
agriculture (2)
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CHRONIC KIDNEY DISEASE OF UNKNOWN ETIOLOGY

 An increased prevalence of CKD has been observed in select geographical areas in 

several countries over the past two decades. 

 EL SALVADOR

 NICARAGUA

 COSTA RICA

 EGYPT

 SRI LANKA

 INDIA

 But probably extends also to Guatemala, Honduras, Panama and Mexico

 The disease occurs predominantly among young and middle-aged male 

agricultural workers, especially sugarcane workers, without conventional risk 

factors such as hypertension and diabetes. 

 As the etiology was not clear, the term “chronic kidney disease of unknown etiology” 

(CKDu) has been used in the literature since the early 2000s.

 MeN

Source: WHO Library Cataloguing-in-Publication data - WHO, Country office for Sri 

Lanka. Report of the International Expert Consultation on Chronic Kidney Disease 

of unknown etiology (CKDu) in Sri Lanka. 2016
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 Clinically, the disease resembles a tubulointerstitial disease with low-grade 

proteinuria, but biopsy series from El Salvador showed a mixed pattern of tubular

atrophy, interstitial fibrosis and extensive glomerulosclerosis

Wesseling C, et al. Occup Environ Med 2015;0:1–8. doi:10.1136/oemed-2014-102799
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 Recently the Pan American Health Organization (PAHO) called the world’s 

attention to the epidemic of CKDu in Mesoamerica by comparing national CKD 

mortality of five Mesoamerican countries with USA and Cuba.

 El Salvador and Nicaragua stand out with national age-adjusted male mortality 

rates increasing from about 45 per 100 000 men in 2000 to well over 60 in 2009, 

and considerably lower but increasing mortality rates among women in these 

same countries, on the order of 15–25 per 100 000 women over the decade

 The national Costa Rican rates are below the other Mesoamerican countries and 

just above the USA, around 8–9 and 4–5 for men and women, respectively, during 

the 2000–2009 decade. These PAHO figures (very similar to our estimates for the 

entire male and female populations of Costa Rica) mask the epidemic in a small 

area like Guanacaste, with just over 7% of the country’s population. 

 Our results showing excess deaths in young men starting at age 20 are in 

agreement with the PAHO statistics for Nicaragua and El Salvador.

Wesseling C, et al. Occup Environ Med 2015;0:1–8. 

doi:10.1136/oemed-2014-102799
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Nelle nostre campagne: la raccolta dei pomodori
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Trade Union
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Roma 16/06/2017

Firenze 22/06/2017

Summer 2017 in Italy
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Roma 16/06/2017

Firenze 22/07/2017

Summer 2017 in Italy
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Limits of the study (I)

 Not studied the effects of: 

 Increased air pollution

 UV radiation

 Not considered the outcome «mental health»

 Difficult to study the mortality outcome (on which the health surveillance

systems are mainly based) in the working population

 Effects of climate change on infectious diseases on the working pop. are very

scarce focus on distribution of vectors of diseases

 Productivity measured as working hours loss rather than decreased

production output
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Limits of the study (II)

 Multidisciplinary (biometereologists, physiologists, economists, physicians, 

occupational hygienists etc.)

 English as unique language (but increasing literature in LMIC: chinese, 

portuguese, spanish….)

 PubMed/SCOPUS 

 EMBASE, other search engines
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