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OUTLINE

Vulnerable population groups
– workers
– elderly
– people with chronic diseases
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Mission: to address the negative impacts of workplace heat stress on the health 
and productivity of workers in strategic European industries

Funded by the EU Horizon 2020 research and innovation programme (no.668786)



HEALTH & PRODUCTIVITY IMPACT OF OCCUPATIONAL HEAT
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HEALTH & PRODUCTIVITY IMPACT OF OCCUPATIONAL HEAT

PRISMA guidelines

PubMed and Embase (date of inception to Feb 5, 2018)

No search limits
– labour environment
– language
– workers’ health status
– study design

Six random-effects meta-analyses estimated the impact of occupational heat strain 
on health and productivity outcomes

Review protocol (CRD42017083271) available on PROSPERO
5/30 Flouris et al., 2018; Lancet Plan Health



HEALTH & PRODUCTIVITY IMPACT OF OCCUPATIONAL HEAT
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60% of studies

Flouris et al., 2018; Lancet Plan Health



HEALTH & PRODUCTIVITY IMPACT OF OCCUPATIONAL HEAT

111 studies from 30 countries that assessed 447 million workers from
>40 different jobs

7/30 Flouris et al., 2018; Lancet Plan Health



HEALTH IMPACT OF OCCUPATIONAL HEAT

Those who frequently work in the heat experience

– 4-fold increase in the likelihood of having heat strain

– 0.7°C higher body temperature

– 14.5% increase in urine specific gravity

– 15% risk for kidney disease / acute kidney injury

8/30 Flouris et al., 2018; Lancet Plan Health



HEALTH IMPACT OF OCCUPATIONAL HEAT

During or at the end of a single work shift under heat stress

– 35% of workers experience symptoms of occupational heat strain

9/30 Flouris et al., 2018; Lancet Plan Health



FIELD STUDIES ACROSS EUROPE

HEAT-SHIELD mission: to address the negative impacts of workplace heat stress 
on the health and productivity of workers in strategic European industries
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HEAT IN THE WORKPLACE
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Construction

Agriculture

max core temp. 
recorded

max core temp. 
recorded

Flouris et al., Unpublished Data
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Tourism

max core temp. 
recorded

Flouris et al., Unpublished Data



HEALTH IMPACT OF OCCUPATIONAL HEAT

During or at the end of a single work shift under heat stress

– 35% of workers experience symptoms of occupational heat strain

13/30 Flouris et al., 2018; Lancet Plan Health



PRODUCTIVITY IMPACT OF OCCUPATIONAL HEAT

During or at the end of a single work shift under heat stress

– 30% of workers report productivity losses

14/30 Flouris et al., 2018; Lancet Plan Health



PRECISE LABOUR LOSS QUANTIFICATION
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IRREGULAR WORK BREAKS
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DO YOU THINK THE HEAT AFFECTS YOUR PRODUCTIVITY?
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DO YOU THINK THE HEAT AFFECTS YOUR PRODUCTIVITY?

Loss of 1% of labour time for every 1°C increase in 
environmental temperature

18/30 Ioannou et al., Under Preparation



TEMPERATURE & LABOUR LOSS
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Low heat stress
Moderate heat stress
High heat stress

Ioannou et al., Under Preparation



TEMPERATURE & WORK INTENSITY

20/30 Ioannou et al., Under Preparation

Low heat stress
Moderate heat stress

High heat stress



HEAT STRESS & LABOUR LOSS

21/30 Ioannou et al., Under Preparation



VULNERABILITY MAPS FOR EUROPE AT NUTS2

Percentage of gross value added lost 
across Europe
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agriculture construction

manufacturing tourism transportation

Flouris et al., Under Preparation



HEAT - HEALTH - PRODUCTIVITY

23/30

Workplace heat generates significant adverse effects
– health risks
– loss of productivity with substantial effects on the economy
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– elderly
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THERMOREGULATION – AGING – DIABETES
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THERMOREGULATION – AGING – DIABETES
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RISK FACTORS FOR HEAT SUSCEPTIBILITY
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SCREENING CRITERIA FOR HEAT STRAIN SUSCEPTIBILITY

Individuals exercising/working in the heat who are 31-70 years old are at 
higher risk for heat strain when demonstrating two or more of the following 
(♂, ♀):

– age
≥53/56 years

– body composition/morphology
BMI: ≥30/26 kg/m2

adiposity: ≥29/35 %
body surface area: ≤2.0/1.7 m2

– aerobic fitness
VO2peak: ≤48/41 mlO2/kg FFM/min

28/30 Flouris et al., 2017, Temperature
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