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Abstract

Heat stress is a growing concern in the occupational setting as it endangers worker

health, safety, and productivity. Heat‐related reductions in physical work capacity

and missed workdays directly and indirectly cause productivity losses and may

substantially affect the economic wellbeing of the organization. This review high-

lights the physiological, physical, psychological, and financial harms of heat stress on

worker productivity and proposes strategies to quantify heat‐related productivity

losses. Heat stress produces a vicious‐cycle feedback loop that result in adverse

outcomes on worker health, safety, and productivity. We propose a theoretical

model for implementing an occupational heat safety plan that disrupts this loop,

preventing heat‐related productivity losses while improving worker health and

safety.
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1 | INTRODUCTION

There are on average more than 700 heat‐related fatalities per year

in the United States, which makes environmental heat exposure the

leading cause of weather‐related deaths.1 The adverse effects of heat

are particularly concerning in vulnerable populations (e.g., elderly,

very young, and those with pre‐existing medical conditions) as well as

workers in occupational settings where there is a significant exposure

to heat. According to Gubernot et al.2 359 occupational heat‐related

deaths were identified between 2000 and 2010, which corresponds

to a fatality rate of 0.22 per one million workers. Importantly, fatality

estimates may be underestimated due to limitations in occupational

surveillance systems and the exclusion of other medical conditions

(e.g., sudden cardiac death) which may have been caused by heat

stress. A large‐scale epidemiological investigation (Washington, USA)

examining the influence of environmental heat on traumatic injuries

derived from workers compensation claims reported that heat‐

exposed agricultural workers were 14% more likely to experience a

traumatic injury compared to nonheat exposed agricultural workers.3

This is problematic as approximately 13.3 million workers are

exposed to extreme heat every day in the United States.4 These

numbers are projected to increase as environmental temperatures

continue to rise as a result of our changing climate.

Further, a potential threat to the health and safety of workers

exposed to heat is its burden on the economy.5–7 Predicted global

costs from lost worktime due to occupational heat stress is 2.4–2.5

trillion dollars in 2030 and up to 4.0% of GDP by 2100.6 The financial

burden of occupational heat stress is likely the result of heat‐related

occupational injuries and illnesses (e.g., healthcare costs, sick leave,

injury compensation claims) and decreased labor output or pro-

ductivity (e.g., lower economic production, maintenance cost for

lower production).7–10 Current research suggests that productivity

losses directly contribute to decreased economic output as a function

of high ambient temperature.11,12 A meta‐analysis found that 30% of

workers reported work productivity losses with a 2.6% productivity

decline for each degree above 24°C wet bulb globe temperature

(WBGT).13 The following sections will briefly outline mechanisms that

cause heat‐related productivity losses (i.e., presenteeism and
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absenteeism), quantifying productivity and economic losses asso-

ciated with heat stress, and strategies to mitigate the adverse effects

of heat, thereby alleviating the economic burden. The objective of

this document is to present the negative consequences of occupa-

tional heat stress (physiologically, physically, psychologically, finan-

cially) to encourage occupational heat safety plan implementation.

2 | HEAT‐RELATED PRESENTEEISM

Work capacity in the heat is dependent on three key factors: the

intensity of physical work (i.e., metabolic heat production), the

clothing or personal protective equipment worn, and workplace or

environmental conditions.14,15 The combined effects of metabolic

rate, clothing, and workplace conditions have been shown to induce

hyperthermia (i.e., increased core temperature),13 accelerate

dehydration,16–19 and alter perceptual and subjective responses to

heat.17,20–23 Together, these factors transform physical working

conditions3,6 and introduce potential hazards to the work setting

(e.g., grip problems from sweat, sweat in eyes, distraction, and time‐

off‐task) (Figure 1). All factors presented in Figure 1 describe heat‐

related presenteeism, which can be defined as losses in productivity

when workers are not fully functioning in the workplace (i.e., re-

ductions in physical capacity) due to heat stress.22

Zander et al.24 reported that approximately 1214 workers sur-

veyed were 35% less productive on days they indicated experiencing

heat stress. Research has suggested that 40%–70% of workers arrive

at work dehydrated, which consequentially results in losses in pro-

ductivity on a hot and/or humid workday. Prework dehydration can

result from factors such as low water intake, consumption of caffeine

beverages in lieu of water intake, and after‐shift alcohol consump-

tion.17,25,26 Dehydration and hyperthermia can further exacerbate

physical work capacity.17 Dehydration and hyperthermia compromise

cardiovascular function by increasing heart rate and reducing heart

rate variability, cardiac output, and cerebral blood flow.27–30 Nybo

et al.30 reported an 18% reduction in cerebral blood flow when

esophageal temperatures were 39.5°C compared to 37.5°C following

exercise in the heat. Dehydration and/or hyperthermia‐induced

alterations in cerebral blood flow,30,31 as well as, greater heat pro-

duction in the brain can impair cognitive function,31 motor‐cognitive

function, complex motor tasks, and promote psychological strain (e.g.,

increase thermal sensation, decrease thermal comfort).17,32–34

Research has suggested that brain activity under hyperthermia is

altered through increases in brain catecholamines and an increase in

the ratio between alpha and beta wave frequency.31 These changes

are linked to decrements in cognition, arousal, and perception of

physical exertion, all of which can increase fatigue and result in re-

ductions in working capacity.31 Tasks that are considered complex

cognitive tasks, are more frequently impaired during hyperthermia

and dehydration.17 This is particularly concerning as many workers

are required to perform skillful and dangerous work in hot conditions.

Cognitive decrements not only impair worker production output

(i.e., physical work capacity) but can increase risk of injury at the

worksite.6 For example, a case‐crossover study in outdoor con-

struction workers reported a 0.5% increase in the odds of traumatic

injuries per 1°C increase in maximum daily humidex (odds ratio 1.005

[95% CI 1.003–1.007]).35 Changes in the work environment induced

by heat exposure can also influence the occurrence of workplace

injuries. For example, safety goggles can fog, sweat can get

in workers' eyes, and sweaty hands can reduce grip on tools.

Productivity losses also can result from costs associated with sick

leave (i.e., paying other employees to work overtime or replacing

staff), healthcare costs, and injury compensation claims.6

3 | HEAT‐RELATED ABSENTEEISM

Heat‐related productivity losses can also come in the form of ab-

senteeism, which is characterized as employee absence from work due

to adverse effects.24 Occupational heat exposure has been shown to

increase risk of heat‐related illness/injury, occupational injuries, cardiac

events, and renal injury.3,18,35–40 When these injuries and illnesses

F IGURE 1 Etiology of reduced physical work capacity due to occupational heat stress [Color figure can be viewed at wileyonlinelibrary.com]
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occur, employers are subject to worker compensation claims insurance

pay outs, medical fees, subsidies, and additional expenses to hire and

train new replacement staff.6,41 Lawsuits associated with heat‐related

fatalities and injuries also contribute to the heavy economic burden of

heat.41 Employers can also suffer indirect costs from out‐of‐pocket

payments and lost incomes, resulting in reduced consumer spending.42

Several investigations have estimated the economic burden of heat

stress.6,8,41,43 Martínez‐Solanas et al.41 reported that one‐half million

occupational injuries could be attributable to nonoptimal temperatures,

which corresponds to an estimated 13 million person‐days of work lost

in Spain due to temperature, or an annual average of 42 days per 1000

workers. The estimated annual economic burden for Spain is 370 million

US dollars (USD). ClimateCost44 reported that total productivity losses

due to climate change could cost Europe between 300 and 700 million

USD by 2080. The global costs associated with lost worktime due to

heat were 280 billion USD in 1995 and 311 billion USD in 2010 (≈0.5%

of GDP) and continue to rise.6 As hot workdays are projected to in-

crease due to climate change, employers must implement strategies to

reduce the multitude of risks associated with heat exposure.

4 | MONETIZATION OF HEAT‐RELATED
PRODUCTIVITY LOSSES

Assessing the economic burden of health‐related losses in pro-

ductivity is not new as many instruments and surveys have been

developed to assess time lost to health‐related conditions (i.e., ab-

senteeism) and reductions in physical capacity during work (pre-

senteeism).45,46 Employers are particularly focused on time lost as it

is easier to quantify missed workdays and absent hours per week.45

However, employers must recognize that recent literature suggests

that health‐related presenteeism may account for a larger proportion

of losses than absenteeism, accounting for up to three‐fifths of the

total USD lost.45 Although there are no current studies that assess

the contribution of presenteeism and absenteeism associated heat‐

related productivity losses, it is difficult to ignore this statistic cal-

culated from various health‐related and medical conditions.

As the evidence linking occupational heat stress and economic costs

continues to grow, methods to estimate productivity losses associated

with presenteeism have been examined and developed.8,9,13,45,47

Survey‐based methods require workers to recall information related to

their perception of physical impairment or estimate unproductive time

while at work.45 This becomes challenging as it is self‐reported data that

must assume that workers' perceptions are accurate. To address these

challenges, many studies have modeled labor output as a function of

occupational heat stress to quantify the economic burden associated

with presenteeism.43,47 Within these models, occupational heat stress is

typically quantified as Wet Bulb Globe Temperature (WBGT), which al-

lows employers to measure the environmental conditions of their

worksite and then input this data into the corresponding model.10,43,48

To estimate productivity losses that drive increased economic losses,

various models10,43,48 utilize a risk function equation to convert WBGT

into percent productivity loss (PL %). Figure 2 presents different risk

function models that can be used to estimate productivity losses.43

Although risk functions may provide valuable information on

productivity losses associated with certainWBGT, the models require

several assumptions that must be recognized.

First, it assumes that workers have the ability to reduce their

work intensity to avoid clinical health problems.39 Vulnerable work-

ers and workers that are paid on a piece‐pay system may not adjust

their pace based on their body's feedback to heat.43 Additionally,

workers may choose to continue to work at unsafe work intensities if

they have received little education on the signs and symptoms of

impending heat illness and may succumb to heat illness when it could

have been avoided.49,50 Second, data used to create these models

were based on work to rest ratios and epidemiological data that are

specific to only a few occupations and based on well‐conditioned,

male workers. This may lead to underestimated productivity loss

estimates for those who are unfit47 and inaccurate productivity es-

timates for women. Moreover, the models are created from

F IGURE 2 Risk function models for
occupational heat stress and productivity
losses. Figure from Day et al. (2019) [Color
figure can be viewed at
wileyonlinelibrary.com]
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laboratory studies and a model based on real‐life observations has

yet to be developed. Lastly, as the models are currently presented, it

is difficult for employers and safety managers to utilize the data to

protect their workers. To address the adaptability of these models

into the work setting, Foster et al.47 has proposed an advanced

empirical model that quantifies the impact of heat on physical work

capacity and translates it to productivity losses. The model uses air

temperature and relative humidity to estimate heat stress. The model

is also presented as a graphical formula (Figure 3) to estimate

workers' physical work capacity based on these environmental fac-

tors. This tool can be utilized to quantify reductions in physical work

capacity to determine what heat mitigation strategies are required.

For example, if the air temperature is 35°C and relative humidity is

40%, employers should expect a 26% reduction in physical work

capacity (working at 74% of full 100% capacity).

To monetize reductions in physical work capacity in the heat,

Morabito et al.10 also present a daily economic cost estimator that can

be used to determine how much economic cost will be lost on days

where workers experience heat stress (Equation 1). The daily eco-

nomic cost calculator requires productivity lost or reduction in physical

F IGURE 3 Graphical formula for worker physical work capacity
as percentage of full working capacity based on air temperature and
relative humidity. Figure is from Foster et al. (2021)47 [Color figure
can be viewed at wileyonlinelibrary.com]

F IGURE 4 Heat‐induced productivity loss positive feedback resulting in negative consequences of occupational heat stress that result in
productivity [Color figure can be viewed at wileyonlinelibrary.com]
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work capacity to calculate. This equation is particularly informative as

it presents monetization of heat‐related presenteeism.

Economic cost = Worker′s daily salary

× Productivity Losses(%).
(1)

Other methods focus on absenteeism and calculate days or hours

“lost” to heat at various environmental conditions.45 These methods

are difficult as many workers will be replaced if absent from work.

These factors also do not consider work to rest ratios that are

required in dangerous environmental heat for safety and quality of

work considerations.

Overall, these methods that allow for estimation of costs asso-

ciated with the dangers of heat will further entice employers to

consider life‐saving heat safety program that not only reduce

productivity losses but enhance health and safety.

5 | HEAT SAFETY PLANS MAINTAIN
PRODUCTIVITY, SAFETY AND HEALTH OF
WORKERS

Although in many cases, employers are invested in both the health of

their workers and the wealth of the organization, some employers may

discourage heat safety interventions if they perceive it as barrier to

economic growth.51 It is important for employers to recognize that

health/safety and productivity do not oppose one another, rather, health

and safety initiatives have been shown to dramatically improve

F IGURE 5 The benefits of implementing a heat safety plan on productivity and economic cost [Color figure can be viewed at wileyonlinelibrary.com]
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productivity.7,10 Morabito et al. and Orlov et al. examined the influence of

a heat stress mitigation strategy, specifically working in the shade, on

costs associated with productivity alterations. Both studies estimated that

when workers were performing work under the shade, there were 6‐ and

10‐fold (respectively) increases in productivity.7,10 Moreover, Morabito

et al. (2020) reported that moving a working shift 2 h earlier to avoid heat

stress reduced costs by 33%. By contrast, Figure 4 proposes a theoretical

model expressing the negative consequences of occupational heat stress.

Physical work, personal protective equipment, and the environment can

produce heat stress, which is exacerbated with various workplace and

worker characteristics. The interplay between these characteristics and

heat stress produces negative physiological, cognitive, psychological, and

physical outcomes. When poor health, safety, and productivity outcomes

are incurred as a result of occupational heat stress (and corresponding

physiological strain) it is likely to produce a “positive” feedback loop that

continues to subject workers to greater levels of heat strain by increasing

work demands. This would result in a positive feedback loop with ne-

gative consequences. The positive feedback loop occurs through working

overtime or increasing physical work capacity to eliminate the financial

burden caused by heat. Figure 5 presents how an effective heat safety

plan will mitigate the detrimental effects of heat while preserving pro-

ductivity. Implementing heat safety mitigation strategies such as body

cooling, heat acclimatization, and hydration has been shown to sig-

nificantly reduce the physiological, cognitive, psychological, and physical

strain induced by heat stress and therefore, can disrupt the positive

feedback loop that produces increased productivity losses from poor

safety and health outcomes.52–56 Limiting losses of productivity through

heat safety initiatives also supports the organization's financial wellbeing.

For example, implementing a heat safety plan can limit re‐hiring of staff,

paying for overtime hours, and reduce costs associated with worker

compensation claims after a worker experiences a heat‐related illness.

McCarthy et al. reported that after implementing a heat safety plan,

median cost incurred per heat‐related illness reduced to $208 compared

to $416 in the prior 2 years. Moreover, there can be legal ramifications

for the employer should the worker suffer a heat‐related injury or illness

on the job. There may be worker's compensation and potential negligence

issues that may play into an injury that might be deemed preventable had

the employer implemented a heat safety plan. Therefore, employers and

safety managers must consider the multitude of benefits of heat safety

programs for not only the employee, but for the employer as well.57,58 To

determine appropriate heat mitigation strategies for the workplace,

Morrissey et al. present evidence‐based, feasible recommendations re-

garding occupational heat safety practices and procedures to

implement.58

6 | CONCLUSION

Occupational heat stress causes several physical, physiological, and

psychological responses that negatively impact worker productivity.

Heat‐related productivity losses also have a substantial effect on the

economic wellbeing of the organization and economy. Quantifying

productivity losses or physical work capacity associated with heat

and the forming a heat safety plan will reduce economic costs while

promoting the health and safety of workers. Moreover, employers

may avoid legal exposure from job‐related heat injuries as many may

be preventable through a heat safety program. These injuries can be

perceived as organizational negligence rather than an unfortunate

accident that could not have been prevented. Therefore, employers

and safety managers should implement a heat safety plan to benefit

their organization and keep workers safe.
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