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High ambient temperatures and strenuous physical

activity put workers at risk for a variety of heat-

related illnesses and injuries. Through primary

prevention, secondary prevention, and treatment,

OEM health providers can protect workers from

the adverse effects of heat. This statement by the

American College of Occupational and Environ-

mental Medicine provides guidance for OEM

providers who serve workers and employers in

industries where heat exposure occurs.

H igh ambient temperatures and stren-
uous physical activity put workers at

risk for a variety of heat-related illnesses
and injuries (HRIs). According to the
United States (US) Bureau of Labor Statis-
tics (BLS), each year thousands of Ameri-
can workers experience serious heat-related
illnesses, many of which result in fatality.1

Heat exposure directly caused more than
350 US worker deaths between 2000 and
2011.2,3 More recently, dozens of workers
continue to die each year.1

Earth’s climate has become warmer
in recent decades. Globally, the 10 hottest
years on record have all occurred since
2005,4 with the most recent year, 2020,
being tied with 2016 as the year with the
warmest global average surface tempera-
ture.5,6 In the contiguous US, 2020 was the
fifth warmest year on record, with the five
warmest years all occurring since 2012.7

Climate scientists project that these warm-
ing trends will continue into the future.8

Therefore, it is likely that US workers will
be at risk of HRIs more often and in more
parts of the country.9

Through primary prevention, second-
ary prevention, and treatment, occupational
and environmental medicine (OEM) health
care providers can protect workers from the
adverse effects of heat. This statement by
the American College of Occupational and
Environmental Medicine (ACOEM) con-
tains guidance for OEM providers who
serve workers and employers in industries
where heat exposure occurs. Table 1 pro-
vides a brief overview of the recommenda-
tions. More details are contained in the
following sections. A prior ACOEM guid-
ance statement about climate change
contained general heat-related recommen-
dations10; reviewing that article will be of
benefit in understanding this document.

Description of Occupational
Heat-Related Illnesses

Five diagnoses comprise most lists
of ‘‘heat-related illnesses.’’ They are heat
stroke, heat exhaustion, heat cramps, heat
syncope, and heat rash:

1. Heat stroke is the most severe heat-
related illness. Heat stroke is defined by
a core body temperature�1048F (408C)
combined with central nervous system
(CNS) dysfunction. CNS manifesta-
tions of heat stroke ranged from confu-
sion and slurred speech to coma,
seizures, and death. Heat stroke is a
life-threatening emergency with a case
fatality rate above 80% in workers.11

Manifestations of heat stroke in other
organ systems include rhabdomyolysis,
acute kidney injury (AKI), arrhythmias,
liver damage, acute lung injury (which
ranges from mild hypoxemia to acute
respiratory distress syndrome), and
disseminated intravascular coagulation
(DIC).12

2. Heat exhaustion is an illness in which
the body’s response to heat strain pro-
duces symptoms that can include nau-
sea, fatigue, headache, dizziness, or
excessive sweating. Symptoms of heat
exhaustion are non-specific and can
mimic other ailments such as viral ill-
ness. Diagnosis is aided by obtaining a

thorough history to rule out other
causes and to document antecedent
exposure to heat stress. Heat exhaus-
tion is distinguished from heat stroke
by the lack of severe CNS abnormali-
ties and the lack of extreme hyperther-
mia. There is no objective temperature
threshold for the diagnosis of heat
exhaustion. Heat exhaustion can prog-
ress quickly to heat stroke if the heat
exposure continues.

3. Heat cramps are muscle spasms or pain
following physical activity in hot envi-
ronments. Heat cramps often affect the
muscles of workers’ legs, upper extrem-
ities, back, or abdomen.

4. Heat syncope is an episode of ortho-
static fainting due to transient reduction
of cerebral blood flow during heat expo-
sure. Heat-related changes in vascular
resistance and blood distribution can
cause the pooling of blood in the lower
extremities, leading to syncope.

5. Heat rash (miliaria rubra) is a skin
disorder associated with perspiration
and blocked sweat ducts. Symptoms
can include erythema, pruritis, vesicles,
and papules.13

In addition to the above five diagno-
ses, heat-exposed workers can develop
other acute or chronic disorders including
the following:

� Dehydration due to loss of body fluid
from sweating, without adequate
replacement, is a common result of heat
stress. Dehydration upsets the thermo-
regulatory mechanisms that regulate
body temperature, increasing the risk
of heat stroke. Symptoms and signs of
dehydration may include thirst, fatigue,
weakness, dizziness, tachycardia, hypo-
tension, oliguria, and decreased skin
turgor. Laboratory findings may include
elevated blood urea nitrogen (BUN) and
creatinine, high or low serum potassium
and sodium levels, acid-base imbalance,
and urine-specific gravity that is either
high or normal. Low urine sodium may
be a diagnostic indicator of dehydra-
tion.14,15 In addition to being a result
of heat exposure, dehydration can be a
preexisting factor that increases the risk
of other HRIs. Pre-existing causes of
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dehydration include medications (eg,
diuretics), alcohol, caffeine, acute ill-
ness (eg, gastroenteritis causing vomit-
ing and diarrhea), chronic medical
problems (eg, kidney disease or poorly
controlled diabetes), and exposure to
heat stress in the previous few days.12,14

� Rhabdomyolysis is the rapid break-
down and necrosis of skeletal muscle.
It may occur in HRI, particularly when
exposed to a hot environment is com-
bined with prolonged, heavy, or unac-
customed physical exertion. For
example, newly hired firefighters, sol-
diers, and police officers have been hos-
pitalized with rhabdomyolysis after
strenuous physical training sessions.
Rhabdomyolysis can lead to arrhyth-
mias, AKI, and DIC. The classic symp-
toms of rhabdomyolysis are muscle
pain, weakness, and dark urine (due to
excretion of myoglobin). Other symp-
toms include fever, fatigue, weakness,
nausea, and vomiting, but affected
individuals may be asymptomatic. The
diagnosis of rhabdomyolysis requires an
elevated creatine kinase (CK), also
known as creatine phosphokinase
(CPK). In general, the higher the CK
levels, the more severe the rhabdomyol-
ysis.12,14,16 Rhabdomyolysis can occur
after strenuous physical exertion
even in the absence of elevated ambient
temperatures. Other non-heat-related
causes of rhabdomyolysis include med-
ications, drugs of abuse, alcohol, toxins,
infections, poorly controlled chronic
medical conditions (eg, diabetic

ketoacidosis), crush injuries, and elec-
trical injuries.16

� Acute kidney injury, previously termed
an acute renal failure, is an abrupt loss of
kidney excretory function that may
accompany HRI. Heat-related AKI is
caused by one or more of the following
mechanisms: pre-renal hypovolemia
from dehydration, acute tubular injury
because of rhabdomyolysis or heat-
related tubulointerstitial nephritis. The
signs and symptoms of AKI depend on
the severity of the HRI. Typical labora-
tory findings include elevated BUN and
creatinine, electrolyte abnormalities,
and oliguria.11,16,17

� Chronic kidney disease of unknown
etiology (CKDu), first described in El
Salvador sugarcaneworkers, has now been
detected in agricultural areas in various
equatorial regions.18 In CKDu, chronic or
end-stage kidney disease primarily affects
young and middle-aged male workers.
Postulated mechanisms of CKDu include
infections, exposure to pesticides or heavy
metals, or exposure to occupational heat
stress. Evidence that supports the link
between heat stress and CKDu includes
rodent studies,19 and human studies that
found repeated heat stress and dehydration
were associated with kidney injury.20,21

Interventions to reduce heat stress, such
as work-rest cycles, increased fluids, and
other administrative controls appear pro-
tective.17,18,22–24

� Other kidney disorders associated with
heat stress and dehydration include kid-
ney stones and urinary tract infections.17

� Skin burns, in addition to heat rash, can
sometimes be severe and accompanied
by systematic symptom complexes asso-
ciated with a deranged thermoregulation
process, such as fever, chills, nausea,
and other signs of altered mental status
like dizziness and confusion. In more
severe cases, depending on the prevail-
ing environment, CNS dysfunction like
ataxia, nuchal rigidity, and coma can
occur.25

� Traumatic injuries and decreased
productivity as a result of heat stress
may reduce worker productivity and
increase the risk of traumatic injuries. In
a recent meta-analysis, therewas a positive
association between ambient temperature
and risk of occupational injury, but the
association was not statistically significant
in all subgroups analyzed.26 Further
research is needed to understand the
impact of heat stress on worker productiv-
ity and occupational injuries.2

Heat Balance and Modes of
Heat Exchange

Maintenance of core body tempera-
ture within a safe range depends upon heat
exchange between the worker and the envi-
ronment. Workers’ bodies generate meta-
bolic heat constantly. Those who do
frequent heavy physical activity (eg, carry-
ing loads, digging, climbing stairs, or lad-
ders) are at increased risk of heat-related
illness because of their higher metabolic
heat generation, compared to workers who
perform the light activity. Evaporative cool-
ing, convection, and radiation are the

TABLE 1. Overview of Recommendations to Protect Workers from Heat-Related Illness

Item Recommendations

Medical surveillance Workers who will be exposed to heat stress should receive pre-placement and periodic medical examinations.
These examinations should include past medical history and occupational history, assessment of personal
risk factors, physical examination, and measurement of serum creatinine and glomerular filtration rate.
Clinicians should recommend temporary or permanent work restrictions when indicated.

RTW after heat-related illness Before clearing affected workers for RTW, ensure they are asymptomatic and that any abnormal biomarkers
(eg, serum creatinine) have returned to normal. Verify that the employer has taken protective actions to
prevent a recurrence.

Physiologic monitoring For some occupations with high levels of heat stress, real-time monitoring of physiologic parameters like
heart rate or body temperature may be appropriate. Physiologic monitoring programs should be designed
and overseen by a qualified clinician.

Measurement of heat stress Heat stress includes both metabolic heat and external environmental heat. Assessments should account for
the worker’s physical activity level and the level of external heat. WBGT is the preferred environmental
heat metric. Alternatives to WBGT include dry bulb temperature and heat index.

Design of employer programs
to prevent heat-related illness

Programs should be based on the hierarchy of controls with engineering controls (eg, air conditioning)
preferred when possible. Other important components include acclimatization protocols for new workers,
work/rest cycles or self-pacing, heat stress hazard assessments, provision of hydration fluids, training
about heat-related signs and symptoms, and an emergency response plan.

Protection of unacclimatized workers Workers who are unacclimatized to heat stress, particularly newly hired workers, are at high risk of severe
heat-related illness. Physiologic acclimatization develops gradually over the course of several days of
exposure to heat stress. Unacclimatized workers should receive protections such as more frequent rest
breaks and shorter duration of work in the heat. They should never work alone, and any signs or
symptoms of heat-related illness should prompt immediate evaluation and first aid.

RTW, return to work; WBGT, wet-bulb globe temperature.
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primary routes by which workers dissipate
excess metabolic heat to the environment.12

� Evaporative cooling refers to heat
removal from the skin during the phase
transition from liquid to water vapor
when sweat evaporates.

� Convection is heat transfer via air move-
ment, such as a breeze.

� Radiation is the transfer of heat via
electromagnetic waves, namely infrared
radiation emitted by workers’ skin.

The rate of heat transfer depends
upon several variables including the ambi-
ent temperature, humidity, sunlight, and
wind speed. All modes of cooling are less
efficient at higher temperature and humid-
ity levels. In some circumstances, certain
cooling pathways are completely ineffec-
tive, and workers gain heat from their sur-
roundings. For instance, when the ambient
temperature is above the average skin tem-
perature of 958F (358C), convection
increases the body’s total heat load.14

Clothing
In some occupations, clothing is an

important factor that affects workers’ heat
balance and contributes to heat stress.
Bulky or non-breathable protective equip-
ment can hinder heat dissipation from the
body. Some vapor-impermeable clothing
materials dramatically reduce the effi-
ciency of sweating and evaporative cooling.
Examples of occlusive clothing that con-
tributes to workers’ heat stress include fire-
fighters’ turnout gear, chemical protective
suits worn by hazmat workers, aluminized
overgarments worn by foundry workers to
prevent thermal burns, thermal protection
gear worn by welders and glassmakers, or
even occlusive dressings for wounds.

When the job does not require spe-
cialized gear to protect against other haz-
ards, clothing should be chosen to minimize
heat stress if possible. Ideally, outdoor
workers should wear clothing that is
loose-fitting, light-colored, lightweight,
and long-sleeved when environmental tem-
peratures exceed body temperatures. Work-
ers should be discouraged from wearing
dark or non-breathable clothing.

Measurement of Heat Stress
As used by industrial hygienists, the

term ‘‘heat stress’’ encompasses both envi-
ronmental and metabolic heat produced by
physical activity.14,15 Both components
contribute to workers’ overall thermal load.
The rate of metabolic heat generation
(Watts) can be estimated from tables that
map job tasks to physical activity catego-
ries.15 For example, walking is considered
‘‘moderate’’ physical activity, and using a
shovel to dig a hole is ‘‘heavy’’ activity. The
exact rate of metabolic heat generation

depends upon individual factors such as
age, body habitus, work pace, and the num-
ber and duration of rest breaks. Therefore,
the standard tables provide rough estimates
only. When heat stress is near or above
screening thresholds, that is, TLV, a more
detailed job task analysis by a qualified
expert can provide a better estimate of
metabolic heat.

Environmental heat—the thermal
load imparted by one’s surroundings—
depends upon several factors including
ambient temperature, relative humidity,
radiant heat, and air movement. Various
metrics or devices are available to measure
environmental heat in workplace settings.
At US workplaces, three environmental
heat metrics that are commonly used are:
1) ambient temperature; 2) heat index; and
3) wet bulb globe temperature (WBGT).

� Ambient temperature, also known as dry
bulb temperature, can be measured alone
and used for environmental heat assess-
ment. For example, California’s heat
stress standard for outdoor workplaces
requires employers to undertake addi-
tional preventive measures when the
ambient temperature reaches or exceeds
808F.27

� Heat Index, developed by the National
Weather Service, combines ambient tem-
perature and relative humidity into a sin-
gle number that represents how hot the
conditions feel to humans.28 Humid con-
ditions feel hotter because increased
humidity inhibits evaporative cooling of
sweat. Many US workers and supervisors
rely upon Heat Index reports and fore-
casts provided by local weather bureaus.

� WBGT was developed by the US mili-
tary in the 1950s as part of an effort to
prevent heat-related illnesses in soldiers
and trainees.29 WBGT devices combine
readings from three temperature sensors
(dry bulb, wet bulb, and globe) into a
single value that accounts for tempera-
ture, humidity, radiant heat, and air
movement. Military and civilian guid-
ance documents help responsible parties
interpret WBGT readings, in the context
of workers’ physical activity levels, to
establish proper amounts of rest breaks
and water consumption.14,15,30 Minne-
sota Occupational Safety and Health
Administration (OSHA’s) occupational
heat stress regulation uses WBGT to
define permissible levels of indoor
heat.31

PERSONAL RISK FACTORS
Clinicians should be aware of per-

sonal risk factors that place some workers at
higher risk of heat-related illness. Knowl-
edge of these personal risk factors allows

individualized preventive recommenda-
tions at routine encounters such as pre-
placement examinations, periodic examina-
tions, and primary care visits. We recom-
mend pre-placement and periodic medical
surveillance examinations for all workers
who are exposed to occupational heat stress
(‘‘Guidance for OEM Providers Who See
Workers in Clinic’’ section). Assessment of
personal risk factors is also vital during
post-incident investigations of occupational
heat-related illnesses, to inform decisions
about return-to-work for affected workers
and to advise employers about mitigation
strategies.

Acclimatization and New
Workers

Lack of acclimatization to heat stress
appears to be the most important personal
risk factor for occupational HRIs and fatal-
ities. The ACGIH defines acclimatization
as ‘‘a gradual physiological adaptation that
improves an individual’s ability to tolerate
heat stress.’’15 During the first 7 to 14 days
of exposure to heat stress, physiologic
adaptations include the earlier onset of
sweating, increased sweat production,
lower sodium levels in the sweat, higher
plasma volume, and improved circula-
tion.12,14,32 Acclimatized individuals also
typically have increased skin blood flow,
lower core body temperatures, and lower
heart rates, compared to unacclimatized
individuals performing the same work.
Studies have shown that as little as two
1-hour periods per day of working in the
heat can cause beneficial physiologic
changes.14 Conversely, if a worker’s heat
stress exposure ceases for as few as 7 to
14 days, he or she can become de-acclima-
tized, and a gradual reintroduction to heat
stress should begin again upon return to
work (RTW).14,33

Although there is no universal defi-
nition of ‘‘new worker,’’ it is generally
accepted that the risk of HRI is highest
during the first 2 to 4 weeks of a worker’s
heat stress exposure. For this document,
‘‘new workers’’ refers not only to new hires
but also to other workers who lack accli-
matization, including temporary or contin-
gent workers, workers who have transferred
to a new job task at the same employer, and
workers who have returned to work after
time off. New workers are at a very high
risk of heat-related fatality. Epidemiology
studies conducted by the US military in the
mid-20th century revealed that over 50% of
fatal heat stroke cases involved recruits who
had spent 4 weeks or less in hot training
environments.30 The US OSHA performed
several structured analyses of HRIs and
found that between 2011 and 2016, 45%
(10 of 22) of civilian heat-related fatalities
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occurred on the worker’s very first day of
hire or the first day back at work after an
extended absence.11,34,35 An even higher
fraction, 73% (16 of 22) of cases, died
during their first week on the job.11 Simi-
larly, in an Australian study of heat-related
fatalities, 50% (6 of 12) occurred within the
first 4 days on the job.36 A Canadian study
of 785 emergency department visits for
HRI and 612 lost-time workers’ compensa-
tion claims for HRI between 2004 and
2011, found that workers employed less
than 1 month were almost twice as likely
to have a lost-time claim for HRI.37

Studies of athletes confirm the ben-
efits of heat stress acclimatization. An
international sports medicine panel
reviewed the literature on training and com-
peting in the heat and concluded that heat
acclimatization is essential for athletes
competing in warm to hot environmental
conditions.38 A recent meta-analysis of 96
studies on heat adaptation and physiologic
response concluded that short acclimatiza-
tion periods (<7 days) provide some bene-
fit, but acclimatization programs of 14 days
or longer maximize the physiologic benefit
of acclimatization.39

Medical Conditions,
Comorbidities, and Medications

Personal factors such as pre-existing
medical conditions, obesity, certain medi-
cations, age, pregnancy, and lower levels of
physical fitness, may increase the risk of
HRI (Table 2).40,41 As part of an employer’s
heat illness prevention program, pre-place-
ment and periodic medical monitoring
enable OEM providers to screen for these
risk factors and educate workers or recom-
mend interventions to reduce the risk.

Medical conditions such as cardio-
vascular disease, diabetes, pulmonary dis-
ease, kidney disease, skin disorders, and
infections increase the risk of HRIs and
heat-related deaths.11,12,40,41 Much of the
evidence comes from observational studies
of elderly individuals during heat waves.
There is also some evidence from working
populations. For example, in a review of 64
work-related HRIs investigated by OSHA
from 2011 to 2016, 38% of patients were
obese, 26% had hypertension, 10% had
diabetes, and 17% had cardiac disease.
These conditions may increase the severity

of HRI, as workers who died of HRI were
significantly more likely to have one or
more of these comorbidities, compared to
workers with non-fatal HRI.11

Older workers may have impaired
thermoregulatory mechanisms. (In this con-
text, the definition of ‘‘older’’ is imprecise,
as different references state that the risk of
HRI increases after age 60 or age 75 or
another threshold age.) These age-related
changes include slower sweat gland
response to heat, lower plasma volume,
decreased cardiac output, reduced blood
flow to the skin, and diminished thirst
drive.40,41 Working for shorter intervals
and taking longer breaks may be protective
for older workers who are at risk for HRI
because of these natural effects of aging.14

Pregnant women have higher body
temperatures and need more fluids to cool
their core temperature.14 A recent system-
atic review of adverse effects of environ-
mental heat on pregnant women found
evidence of neonatal stress, shortened ges-
tation, lower birth weights, and increased
stillbirths.42 The presence of the fetus dur-
ing pregnancy increases the mother’s met-
abolic heat load, increasing the risk of HRI
as well.14,43

Obesity has been identified as a risk
factor for heat stress.41,44 Obese individuals
are 3.5 times as likely to suffer an
HRI.44,45,46 Although the causes of heat
intolerance in obesity are not completely
understood, mechanisms likely include an
increase in thermal load for any given task,
increased cardiac strain, impaired heat-
sensing abilities, or increased internal heat
retention due to the insulation of the adi-
pose layer.14,44,47

Prescription or over-the-counter med-
ications, alcohol, or illicit drugs may impair
thermoregulatory mechanisms. Implicated
medications include antidepressants and
other psychiatric medications, diuretics,
and anticholinergics (Table 3).14,40 Illicit
drugs that increase the risk of HRI include
cocaine and amphetamines such as metham-
phetamine. In particular, amphetamines,
whether taken illegally or legally (such as
for treatment of attention deficit hyperactiv-
ity disorder), can increase endogenous heat
production. Amphetamine use appears to be
strongly associated with severe HRI in work-
ers. An OSHA case series found evidence of

amphetamine use in 26.5% of workers with
severe hyperthermia.48

OEM clinicians evaluating workers
with potential exposure to occupational
heat stress should review prescription,
over-the-counter, and recreational drug
use with their patients. Clinicians should
also review acute and chronic medical con-
ditions and assess whether the medical
conditions are well-controlled. OEM pro-
viders should educate workers about symp-
toms of heat stress, the importance of
adequate fluid intake, and medical condi-
tions and medications that can increase heat
strain. Providing specific guidance to work-
ers with comorbidities can reduce the risk
of HRI. For some patients, clinicians may
need to recommend temporary or perma-
nent work restrictions.

Religious and Cultural Factors
Numerous religions and cultures

observe holidays that call for reduced
intake of calories and/or fluids (ie, fasting).
In many cases, physiologic changes during
the acute phase of the fasting period may
impair the body’s normal thalamic thermo-
regulatory process until the body adapts to
the reduced caloric state. Dietary changes
and dehydration may predispose fasting
workers to heat-related injuries.49 Much
more research needs to occur to better
define the risk associated with specific
characteristics of various fasting periods
and types of fasts. OEM providers should
be aware of major fasting events to help
guide employers toward increased surveil-
lance and acclimatization of employees
during temporary changes in diet.49

GUIDANCE FOR HELPING
EMPLOYERS DEVELOP A

PROGRAM TO PREVENT HEAT-
RELATED ILLNESSES

OEM clinicians may be asked to help
employers design and implement HRI pre-
vention programs. This section provides
guidance about important components to
include in such programs. Additional infor-
mation is available from OSHA,50 and in
national consensus recommendations such
as those published by NIOSH and
ACGIH.14,15 Clinicians should also ensure
that the programs comply with applicable

TABLE 2. Personal Risk Factors for Heat-Related Illness

Acute Infection or Illness Age Cardiovascular Disease

Chemical dependency/use of recreational drugs Deconditioned status Diabetes mellitus
Hypertension Mental illness Neurological disease
Obesity Pregnancy Previous history of heat-related illness
Respiratory disease Skin disease Hypohydrosis
Hyperthyroidism Kidney disease Parkinson disease
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federal or state regulations. For instance,
California, Minnesota, and Washington
have state regulations regarding occupa-
tional heat stress.

In general, HRI prevention programs
should be based upon the hierarchy of
controls. At some indoor workplaces, it
may be possible to use elimination or sub-
stitution to ensure that heat stress is not
hazardous (eg, by removing heat-producing
equipment and substituting cooler alterna-
tives). At most other workplaces, heat stress
is controlled by engineering controls,
administrative controls, and personal pro-
tective equipment (PPE).

Engineering Controls
Engineering controls are devices or

processes that reduce heat stress. Some
engineering controls reduce environmental
heat parameters such as temperature and/or
humidity. Examples include air condition-
ing, ventilation, and fans. At outdoor work-
sites, shade structures (eg, canopies) can
block solar radiant heat. Fans or misting
devices can increase convective and evapo-
rative cooling rates in some circumstances.
Engineering controls can also reduce work-
ers’ metabolic heat generation if they
decrease workload. For instance, replacing
manual lifts with a mechanical device (eg,
forklift) can reduce the physical activity
level of warehouse workers.

Protect Unacclimatized Workers
As mentioned above, new workers

are at high risk of HRI. A primary reason
appears to be those new workers, and long-
term workers who return from an extended
absence, may lack acclimatization to heat
stress. All heat stress prevention programs
should include an acclimatization protocol
that allows unacclimatized workers to
develop acclimatization gradually and

safely. These should be codified in
employer safety plan practices.

There are various methods to accli-
matize workers gradually. The duration of
heat stress exposure can be increased incre-
mentally over a period of 7 to 14 days. For
example, a new employee could work for
2 hours in the heat on his first day, followed
by a 3-hour heat exposure on the second
day. Alternatively, new workers can be
given longer and more frequent rest breaks,
compared to acclimatized existing workers.
If an unacclimatized worker will work a full
shift in the heat, she should be given hourly
breaks in a cool location (eg, an air-condi-
tioned room or a shaded area) to allow
dissipation of excess body heat acquired
during the periods of work.

It is also important to ensure that
unacclimatized workers, particularly those
who are new to the job, be monitored
closely for early detection of the heat-
related signs and symptoms. Monitoring
can be performed either by supervisors or
by coworkers via a ‘‘buddy’’ system. The
supervisor or ‘‘buddy’’ in the field must be
able to recognize the warning signs of
impending or severe heat illness, including
mental confusion, incoordination, or sus-
tained vomiting. The supervisor’s responsi-
bility is then to activate the employer’s
emergency response plan as spelled out
in the employer’s written heat illness pre-
vention plan. The emergency response plan
may often include calling the onsite emer-
gency response plan or 911, as directed in
their training. New workers should never
work alone when heat stress is present. Any
symptoms that could be heat-related should
be investigated promptly, preferably by a
knowledgeable healthcare professional, to
ensure that heat exhaustion does not pro-
ceed to heat stroke. Finally, employers
should ensure that unacclimatized workers

consume an adequate (but not excessive)
quantity of fluids.32,51

Work/Rest Cycles or Self-Pacing
Heat stress can be mitigated by

increasing the frequency and/or duration
of rest breaks as heat stress rises. This
concept is sometimes termed a ‘‘work/rest
cycle.’’ In general, workers should rest for
at least 15 minutes per hour when a heat
stress hazard is present.14,15 Ideally, rest
breaks should be mandatory, because work-
ers might put themselves at risk of HRI by
skipping optional breaks. Skipping breaks
is a particular concern for newly hired
workers who might not understand that
their symptoms are heat-related or who
might attempt to continue working while
symptomatic.

Self-pacing is an alternative to man-
datory rest breaks. Self-pacing means that
workers are empowered to reduce their
work pace to avoid unsafe heat strain in
hot conditions. Several industries have suc-
cessfully implemented self-pacing. To be
successful, self-pacing requires a support-
ive corporate safety culture that allows
workers to lower their pace with no
negative repercussions.

Medical Surveillance/Monitoring
Medical monitoring evaluations are

an important part of an HRI prevention
program. The examinations should include
obtaining the worker’s medical and occu-
pational history with an emphasis on past,
present, and anticipated future exposures to
heat; prior history of heat-related illness;
and personal risk factors for heat-related
illness. ‘‘Guidance for OEM Providers Who
See Workers in Clinic’’ section contains
more information about clinical aspects
of medical surveillance for heat-exposed
workers.

TABLE 3. Partial List of Medications/Illicit Drugs that May Increase Risk of Heat-Related Illness

Drug or Drug Class Mechanism of Action

Alcohol Diuresis, cognitive impairment
Amphetamines (eg, methamphetamine, ecstasy [MDMA]) Increased endogenous heat production, cognitive impairment
ACE inhibitors ARB Salt depletion
Anticholinergics (eg, benztropine, cyclobenzaprine) Impaired heat dissipation (sweating)
Anticonvulsants (eg, topiramate) Impaired heat dissipation
Antihistamines (eg, diphenhydramine) Antimuscarinic, impaired heat dissipation
Antipsychotics (eg, haloperidol and phenothiazine) Impaired heat dissipation
Benzodiazepines Sedation and cognitive impairment could reduce judgment or perception of heat
Beta-blockers Impaired cutaneous vasodilation
Cocaine Increased endogenous heat production, impaired heat dissipation, cognitive impairment
Diuretics Dehydration, salt depletion
Opioids Sedation and cognitive impairment could reduce judgment or perception of heat
Tricyclic antidepressants Impaired sweating, altered central thermoregulation

ACE, angiotensin converting enzyme; ARB, and angiotensin receptor blockers.
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Training
Employers should train employees

and their supervisors (in their working lan-
guages) about heat stress safety. The train-
ing must include the identification of signs
and symptoms of heat-related illness.
Workers should be taught first aid for
HRI, with an emphasis on calling 911 (or
the appropriate on-site emergency response
number) and providing immediate cooling
if someone shows any signs of heat stroke
(eg, confusion or slurred speech). Under-
standing proper hydration (ie, at least 8 oz.
of fluids every 15–20 mins) is an essential
part of this training. Topics like acclimati-
zation, the consequences of risk factors
such as drug use and obesity on one’s heat
tolerance, and the role of metabolic heat in
occupational HRI, should also be cov-
ered.14

Hazard Assessment
Monitoring the level of heat stress is

the employer’s responsibility. OEM clini-
cians who consult for employers can direct
them to consensus hazard assessment
guidelines.14,15 Currently, the gold standard
method for assessing heat stress at work-
sites is to measure WBGT and estimate
workers’ metabolic rate (ie, workload).

Provide Adequate Hydration
Fluids

The amount and type of fluids con-
sumed are of particular importance for
workers in hot environments. Employers
should provide potable drinking water.
The water should be cool and readily avail-
able near the job location. During pro-
longed periods (>2 h) of sweating in hot
conditions, employers should also provide
electrolyte-containing beverages such as
sports drinks.14 OEM clinicians should
counsel workers to drink an adequate quan-
tity of fluids to replace fluid losses from
sweating, which can be substantial on hot
days. Clinicians should also advise workers
not to overconsume fluids, which can lead
to exercise-associated hyponatremia. Pre-
and post-shift weights are one way to mon-
itor whether the worker consumed an
appropriate quantity of fluids.

Emergency Response Plan
Workers and supervisors should be

trained to recognize and provide first aid for
HRIs. Heat stroke is a medical emergency.
If there is evidence of heat stroke, such as
abnormal behavior, confusion, or other
signs of CNS dysfunction, first responders
should notify emergency medical services
by calling 911 or the appropriate on-site
emergency response number. Concurrently,
immediate cooling measures are necessary.
An important early treatment of heat stroke

is to apply ice and wet the worker’s skin
using a cold-water bath, garden hose, or any
other available source of cool water.14

Other symptoms of heat strain can be
nonspecific and insidious in onset. Impor-
tantly, heat-related symptoms are often
more subtle in older employees.14,52 Super-
visors and coworkers must be able to rec-
ognize signs and symptoms of heat strain,
provide first aid, remove the affected
worker from further heat stress exposure,
and obtain definitive medical care. Super-
visors and coworkers should have a low
threshold for contacting emergency medi-
cal services. To assure that ill workers
receive first aid, supervisors should monitor
their employees for heat strain during the
workday.14 Alternatively, a buddy system,
in which trained workers monitor each
other, can be effective in some situations.

Personal Protective Equipment
If engineering and administrative

controls do not adequately reduce heat stress,
employers could consider PPE. For heat
stress, PPE can include air-, ice-, or water-
cooled garments such as ice vests or wetted
overgarments.14 Some industries require
overgarments that can increaseworkers’ heat
stress, ie, fire retardant clothing in aluminum
smelters, etc. Their use should be regulated
to only being utilized in the immediate envi-
ronment and will increase the need for
shorter work-rest cycles.

GUIDANCE FOR OEM
PROVIDERS WHO SEE
WORKERS IN CLINIC
All workers who are exposed to heat

stress should receive medical surveillance.
This medical surveillance should include,
at minimum a pre-placement examination
and periodic examinations. Currently, there
are limited testing modalities that specifi-
cally assess an individual’s capacity to
undertake manual labor in hot environ-
ments.53,54 It is therefore up to the OEM
clinician to incorporate national and inter-
national heat-related guidance, their own
clinical judgment, and the worker’s past
medical history and past occupational his-
tory, to reach a conclusion about the work-
er’s fitness to work in hot environments.

The baseline and periodic examina-
tions should include a health history ques-
tionnaire to identify personal risk factors
for HRI (‘‘Personal Risk Factors’’ section).
A full review of the job description should
be conducted to identify the number of
hours per day and number of days per week
of exposure to heat stress, the nature of the
physical labor, and whether there are miti-
gating factors such as access to cool areas
for rest breaks. Local climate patterns
should also be considered. Measurements

of serum creatinine and glomerular filtra-
tion rate should be performed to identify
workers with kidney disease, which may
increase susceptibility to rhabdomyolysis
or heat-related AKI.

If the OEM clinician determines that
the worker is at increased risk of HRI, the
clinician should issue formal work restric-
tions and/or recommendations. For exam-
ple, a farmworker with HRI risk factors
could be restricted to a 75% work to 25%
rest ratio each hour when heat stress levels
are above a screening threshold, and the
work/rest ratio could increase as heat levels
increase.55 Clinicians should also consider
issuing temporary work restrictions for new
workers during their first 7 to 14 days of
heat stress exposure when the risk of fatal
HRI is highest. If the worker needs to be on
work restrictions only during the hottest
month(s), with allowance for modified
work and/or reasonable accommodations
as deemed appropriate, these avenues
should be pursued accordingly.

RTW Issues
Workers who experience HRI may

not RTW until completely recovered and
measures to prevent a recurrence have been
put into place. If restricted duty is available
that allows a workers’ biomarkers to return
to normal, this should be considered before
a full-duty RTW occurs. OEM clinicians
can assist with RTW decisions by assessing
clinical recovery and evaluating workers’
likelihood of another HRI. US military
return-to-activity guidelines utilize physi-
cian judgment and acclimatization proto-
cols prior to returning to duty after an
HRI.30,56 However, there is limited existing
civilian clinical guidance about RTW after
an episode of HRI.

At a minimum, clinicians should
ensure that workers are asymptomatic and
have normal biomarkers (eg, blood tests for
kidney and liver function) before RTW. The
amount of recovery time varies with the
severity of the illness. Workers who expe-
rience mild or moderate HRI might be able
to RTW the next day or in a few days, with
appropriate precautions. Conversely, work-
ers with heat stroke or other organ damage
(eg, AKI) need more time to recover.
Guidelines for athletes recommend a rest
period of at least 7 to 21 days after heat
stroke.57

Serum biomarkers such as creati-
nine, BUN, CK, aspartate aminotransfer-
ase, alanine aminotransferase, and lactate
dehydrogenase may be elevated acutely in
episodes of heat stroke.58 Biomarker abnor-
malities are also present in other types of
HRI, such as heat-related AKI with an
elevation of serum creatinine. OEM clini-
cians should ensure that elevated biomark-
ers return to normal before clearing a
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worker to RTW. Biomarkers that are per-
sistently elevated should receive an evalua-
tion by a specialist such as a nephrologist.
One challenge in determining recovery
from HRI is that organ damage may be
present even if biomarkers have returned
to normal.58

An episode of HRI, particularly heat
stroke, may indicate that the worker has
heat intolerance that is either transitory or
persistent. Heat intolerance can be due to
pre-existing personal risk factors or lack of
acclimatization. Some organizations, such
as the Israeli Defense Force, use formal
heat tolerance tests (HTT) to screen HRI
victims for heat intolerance.59 HTT proto-
col typically involves walking on a tread-
mill for up to 120 minutes in a hot room (eg,
the ambient temperature of 1048F [408C]
with 40% relative humidity) while clini-
cians monitor physiologic parameters such
as heart rate and rectal temperature. Despite
some advantages, HTT currently has sub-
stantial limitations including unknown sen-
sitivity and specificity for predicting future
HRI.58 Thus, HTT is not recommended for
widespread use, but it may be a useful
adjunct in certain workforces or in experi-
mental settings.

When indicated, OEM clinicians
should recommend that employers take
steps to acclimatize or reacclimatize work-
ers who experience HRI. For example, lack
of acclimatization is often implicated when
newly hired workers experience HRI during
their first few days on the job. Heat stress
exposure should be reintroduced gradually
when these workers RTW. Other workers
might lose their prior heat stress acclimati-
zation during an extended convalescence
after HRI. Re-acclimatization protocols
can protect these workers as they RTW.

Physiologic Monitoring
In certain occupations, such as those

where workers wear non-breathable PPE
that inhibits heat dissipation, real-time
monitoring of heart rate, body temperature,
or another physiological parameter might
be necessary to ensure heat strain is not
excessive.15 OEM clinicians should oversee
such physiologic monitoring programs
because only clinicians have the knowledge
and training to interpret the data. Existing
guidelines might not be appropriate for all
workers. For instance, some organizations
publish thresholds for heart rate, during
work or recovery periods, that indicate a
need to discontinue the heat stress expo-
sure. However, OEM clinicians should
interpret heart rate data in the context of
the worker’s baseline heart rate, age, and
medical conditions. Standard thresholds
might be too high, for example, if the
worker has a low baseline heart rate. Clini-
cians should develop physiological

monitoring protocols that are appropriate
for the workforce and workers being
assessed.

Physiological monitoring technolo-
gies have limitations that clinicians should
consider carefully before use. Direct meas-
urements of core temperature (eg, esoph-
ageal, intra-abdominal, or rectal) are the
gold standard for body temperature assess-
ment, but such techniques are logistically
difficult in a work environment and are not
readily accepted by workers. On the other
hand, peripheral temperature measure-
ments (eg, oral, tympanic, or urine) are
easier to perform but are prone to falsely
low readings that may underestimate core
temperature. Non-invasive physiologic
monitoring devices such as smartwatches,
wearable hydration sensors, and other
wearable heat strain monitors are commer-
cially available. Research to determine the
validity and utility of these technologies is
ongoing, and there is not yet enough data to
recommend any specific device. However,
the potential for future ability to monitor
workers in a high-heat environment
is promising.

Clinician oversight is important to
ensure that physiologic monitoring com-
plies with applicable confidentiality and
ethics issues. Physiologic monitoring
should only be performed if the worker
has been informed about the discomfort
and the potential risks associated with the
measurement technique and consents to
such measurements. The supervising
OEM clinician should ensure that the meas-
urements present no unacceptable risks of
harm or breach of confidentiality.

We acknowledge that there are many
controversies regarding HRI as to preven-
tion, monitoring, diagnosis, and treatment.
What is presented in this guidance state-
ment is a researched and reasonable
approach, the aspects of which should be
applicable to all industries and workers.
Some of our recommendations are best
practices that may be considered cost-pro-
hibitive to small businesses, while some
companies have the capability to and have
developed more rigorous policies and pro-
cedures. We believe that the guidance pre-
sented herein will benefit most companies
and their workers, and we recommend
implementing the best practices for indi-
vidual industries.

REFERENCES
1. Bureau of Labor Statistics. 2020. Occupational

Injuries/Illnesses and Fatal Injuries Profiles.
Available at: https://data.bls.gov/gqt/Initial-
Page. Accessed September 12, 2020.

2. Gubernot DM, Anderson GB, Hunting KL. The
epidemiology of occupational heat exposure in
the United States: a review of the literature and
assessment of research needs in a changing

climate. Int J Biometeorol. 2014;58:1779–
1788.

3. Gubernot DM. Dissertation. Occupational
Heat-Related Mortality in the United States,
2000–2010: Epidemiology and Policy Recom-
mendations. George Washington School of Pub-
lic Health. UMI Number: 3670444. January 31,
2015.

4. National Oceanic and Atmospheric Administra-
tion. NOAA study: most of the years in next
decade very likely to rank as top 10 warmest
years [press release.]. February 14, 2020. Avail-
able at: https://www.ncei.noaa.gov/news/pro-
jected-ranks. Accessed June 21, 2021.

5. National Aeronautics and Space Administra-
tion. 2020 Tied for Warmest Year on Record,
NASA Analysis Shows [press release.]. January
14, 2021. Available at: https://www.nasa.gov/
press-release/2020-tied-for-warmest-year-on-
record-nasa-analysis-shows. Accessed June 21,
2021.

6. Copernicus Climate Change Service. Coperni-
cus: 2020 warmest year on record for Europe;
globally, 2020 ties with 2016 for warmest year
recorded [press release.]. January 8, 2021.
Available at: https://climate.copernicus.eu/
2020-warmest-year-record-europe-globally-
2020-ties-2016-warmest-year-recorded.
Accessed June 21, 2021.

7. NOAA National Centers for Environmental
Information. State of the Climate: National
Climate Report for Annual 2020. January
2021. Available at: https://www.ncdc.noaa.-
gov/sotc/national/202013. Accessed June 21,
2021.

8. Intergovernmental Panel on Climate Change
(IPCC). Climate Change 2014 Synthesis Report
Summary for Policymakers. Available at: https://
www.ipcc.ch/site/assets/uploads/2018/02/
AR5_SYR_FINAL_SPM.pdf. Accessed June
21, 2021.

9. Schulte PA, Bhattacharya A, Butler CR, et al.
Advancing the framework for considering
the effects of climate change on worker
safety and health. J Occup Environ Hygiene.
2016;13:847–865. Available at: https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC5017900/. Accessed June 15, 2021.

10. Perkison WB, Kearney GD, Saberi P, et al.
Responsibilities of the occupational and envi-
ronmental medicine provider in the treatment
and prevention of climate change-related health
problems. J Occup Environ Med. 2018;60:e76–
e81.

11. Tustin AW, Cannon DL, Arbury SB, Thomas
RJ, Hodgson MJ. Risk factors for heat-related
illness in U.S. workers: an OSHA case series. J
Occup Environ Med. 2018;60:e383–e389.

12. Leon LR, Bouchama A. Heat stroke. Compr
Physiol. 2015;5:611–647.

13. Zenz C. Occupational Medicine. 3rd ed. St.
Louis, Mo: Mosby; 1994, 23:314-318.

14. National Institute for Occupational Safety and
Health. Criteria for a recommended standard:
occupational exposure to heat and hot environ-
ments. Cincinnati, OH: US Department of
Health and Human Services; 2016. DHHS
(NIOSH) Publication 2016–106. Available
at: https://www.cdc.gov/niosh/docs/2016–
106/default.html. Accessed September 12,
2020.

15. American Conference of Governmental Indus-
trial Hygienists. Heat Stress and Strain: TLV.
Cincinnati: ACGIH; 2020.

16. Cervellin G, Comelli I, Lippi G. Rhabdomyol-
ysis: historic background, clinical, diagnostic
and therapeutic features. Clin Chem Lab Med.
2010;48:749–756.

JOEM � Volume 63, Number 10, October 2021 Occupational Heat-Related Illnesses

� 2021 American College of Occupational and Environmental Medicine e743

https://data.bls.gov/gqt/InitialPage
https://data.bls.gov/gqt/InitialPage
https://www.ncei.noaa.gov/news/projected-ranks
https://www.ncei.noaa.gov/news/projected-ranks
https://www.nasa.gov/press-release/2020-tied-for-warmest-year-on-record-nasa-analysis-shows
https://www.nasa.gov/press-release/2020-tied-for-warmest-year-on-record-nasa-analysis-shows
https://www.nasa.gov/press-release/2020-tied-for-warmest-year-on-record-nasa-analysis-shows
https://www.nasa.gov/press-release/2020-tied-for-warmest-year-on-record-nasa-analysis-shows
https://climate.copernicus.eu/2020-warmest-year-record-europe-globally-2020-ties-2016-warmest-year-recorded
https://climate.copernicus.eu/2020-warmest-year-record-europe-globally-2020-ties-2016-warmest-year-recorded
https://climate.copernicus.eu/2020-warmest-year-record-europe-globally-2020-ties-2016-warmest-year-recorded
https://climate.copernicus.eu/2020-warmest-year-record-europe-globally-2020-ties-2016-warmest-year-recorded
https://www.ncdc.noaa.gov/sotc/national/202013
https://www.ncdc.noaa.gov/sotc/national/202013
https://www.ncdc.noaa.gov/sotc/national/202013
https://www.ipcc.ch/site/assets/uploads/2018/02/AR5_SYR_FINAL_SPM.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/AR5_SYR_FINAL_SPM.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/AR5_SYR_FINAL_SPM.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/AR5_SYR_FINAL_SPM.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5017900/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5017900/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5017900/
https://www.cdc.gov/niosh/docs/2016-106/default.html
https://www.cdc.gov/niosh/docs/2016-106/default.html
https://www.cdc.gov/niosh/docs/2016-106/default.html


Copyright © 2021 American College of Occupational and Environmental Medicine. Unauthorized reproduction of this article is prohibited 

17. Johnson RJ, Sánchez-Lozada LG, Newman LS,
et al. Climate change and the kidney. Ann Nutr
Metab. 2019;74(suppl 3):38–44. Available at:
https://www.karger.com/Article/Fulltext/500344.
Accessed June 15, 2021.

18. Johnson RJ, Wesseling C, Newman LS. Chronic
kidney disease of unknown cause in agricultural
communities. New Engl J Med.
2019;380:1843–1852. Available at: https://
www.nejm.org/doi/full/10.1056/
NEJMra1813869. Accessed June 18, 2021.

19. Roncal Jimenez CA, Ishimoto T, Lanaspa MA,
et al. Fructokinase activity mediates dehydration-
induced renal injury. Kidney Int. 2014;86:294–
302. Available at: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4120672/. Accessed June 18,
2021.

20. Sorensen CJ, Butler-Dawson J, Dally M, et al.
Risk factors and mechanisms underlying cross-
shift decline in kidney function in Guatemalan
sugarcane workers. J Occup Environ Med.
2019;61:239–250. Available at: https://journal-
s.lww.com/joem/Fulltext/2019/03000/Risk_Fac-
tors_and_Mechanisms_Underlying_Cross_Shif-
t.9.aspx. Accessed June 18, 2018.

21. Rojas-Valverde D, Sánchez-Ureña B, Crowe J,
Timón R, Olcina GJ. Exertional rhabdomyoly-
sis and acute kidney injury in endurance sports:
a systematic review. Eur J Sport Sci.
2021;21:261–274.

22. Fischer RSB, Vangala C, Mandayam S, et al.
Clinical markers to predict progression from
acute to chronic kidney disease in Mesoamerican
nephropathy. Kidney Intl. 2018;94:1205–1216.

23. Wegman DH, Apelqvist J, Bottai M, et al.
Intervention to diminish dehydration and kid-
ney damage among sugarcane workers. Scand J
Work Environ Health. 2018;44:16–24. Avail-
able at: https://www.sjweh.fi/show_abstract.ph-
p?abstract_id=3659&fullText=1#box-fullText.
Accessed June 8, 2021.

24. McCarthy RB, Shofer FS, Green-McKenzie J.
Outcomes of a heat stress awareness program
on heat-related illness in municipal outdoor
workers. J Occup Environ Med.
2019;61:724–728.

25. Al Mahri S, Abderrezak Bouchama A, Heat-
stroke. In: Handbook of Clinical Neurology.
Thermoregulation: from Basic Neuroscience
to Clinical Neurology, Part II, Romanovsky
AA, ed. Cambridge, Massachusetts: Elsevier.
2018;157:531–545.

26. Binazzi A, Levi M, Bonafede M, et al. Evaluation
of the impact of heat stress on the occurrence of
occupational injuries: meta-analysis of observa-
tional studies. Am J Ind Med. 2019;62:233–243.

27. California OSHA, Title 8 §3395. Heat Illness
Prevention in Outdoor Places of Employment.
Available at https://www.dir.ca.gov/title8/3395.
Accessed June 15, 2021.

28. National Weather Service. 2020. Heat Index.
Available at: https://www.weather.gov/safety/
heat-index. Accessed September 12, 2020.

29. Budd GM. Wet-bulb globe temperature
(WBGT): its history and its limitations. J Sci
Med Sport. 2008;11:20–32.

30. US Department of the Army. TRADOC Regula-
tion 350-29. Training: Prevention of Heat and
Cold Casualties. July 2016. Available at: https://

adminpubs.tradoc.army.mil/regulations/TR350-
29.pdf. Accessed June 21, 2021.

31. Minnesota Legislature Office of the Revisor of
Statutes. Minnesota Administrative Rules.
5205.0110 Indoor Ventilation and Temperature
in Places of Employment. Available at: https://
www.revisor.mn.gov/rules/5205.0110/.
Accessed June 21, 2021.

32. Jackson LL, Rosenberg HR. Preventing heat-
related illness among agricultural workers. J
Agromed. 2010;15:200–215.

33. Wendt C, van Loon LJ, Lichtenbelt WD. Ther-
moregulation during exercise in the heat strate-
gies for maintaining health and performance.
Sports Med. 2007;37:669–682.

34. Arbury S, Jacklitsch B, Farquah O, et al. Heat
illness and death among workers – United
States, 2012–2013. MMWR Morb Mortal Wkly
Rep. 2014;63:661–665. Available at: https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC4584656/. Accessed June 2, 2021.

35. Arbury S, Lindsley M, Hodgson M. A critical
review of OSHA heat enforcement cases, les-
sons learned. J Occup Environ Med.
2016;58:359–363.

36. Gunn R. Deaths in Australia from work-related
heat stress, 2000–2015. Int J Environ Res Pub-
lic Health. 2019;16:3601. Available at: https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC6802353/. Accessed June 2, 2021.

37. Fortune MK, Mustard CA, Etches JJC, Cham-
bers AG. Work-attributed illness arising from
excess heat exposure in Ontario, 2004–2010.
Can J Public Health. 2013;104:e420–e426.
Available at: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC6973883/. Accessed June
21, 2021.

38. Racinais S, Alonso J-M, Coutts AJ, et al. Con-
sensus recommendations on training and com-
peting in the heat. Sports Med. 2015;45:925–
938. Available at: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC4473280/. Accessed
August 2, 2021.

39. Tyler CJ, Reeve T, Hodges GJ, Cheung SS. The
effects of heat adaptation on physiology, percep-
tion and exercise performance in the heat: a meta-
analysis. Sports Med. 2016;46:1699–1724.

40. Westaway K, Frank O, Husband A, et al. Med-
icines can affect thermoregulation and accentu-
ate the risk of dehydration and heat-related
illness during hot weather. J Clin Pharm Ther.
2015;40:363–367.

41. Leyk D. Health risks and interventions in exertional
heat stress. Dtsch Arztebl Int. 2019;116:537–544.

42. Kuehn L, McCormick S. Heat exposure and
maternal health in the face of climate change.
Int J Environ Res Public Health. 2017;14:853.

43. Tillett T. Pregnancy pause: extreme heat linked
to shortened gestation. Environ Health Per-
spect. 2011;119:A443.

44. Kenny GP, Yardley J, Brown C, Sigal RJ, Jay O.
Heat stress in older individuals and patients
with common chronic diseases. CMAJ.
2010;182:1053–1060.

45. Henschel A. Obesity as an occupational hazard.
Can J Public Health. 1967;58:491–499.

46. Chung NK, Pin CH. Obesity and the occurrence
of heat disorders. Mil Med. 1996;161:739–742.

47. Dehghan H, Mortazavi SB, Jafari MJ,
Maracy MR. Cardiac strain comparison
between workers with normal weight and
overweight in the hot humid weather of the
Persian Gulf region. J Educ Health Promot.
2013;2:48.

48. Karasick AS, Thomas RJ, Cannon DL, et al.
Notes from the field: Amphetamine use among
workers with severe hyperthermia – eight
states, 2010–2019. MMWR Morb Mortal Wkly
Rep. 2020;69:1004–1005. Available at: https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC7392391/. Accessed June 21, 2021.

49. Manjunath G, Aravindhakshan R, Varghese S.
Effect of fasting during Ramadan on thermal
stress parameters. East Mediterr Health J.
2019;25:34–39. Available at: https://applica-
tions.emro.who.int/emhj/v25/01/
EMHJ_2019_25_01_34_39.pdf. Accessed June
15, 2021.

50. OSHA. Safety and Health Topics: Heat. Over-
view: Working in Outdoor and Indoor Heat
Environments. Available at: https://www.osha.-
gov/heat-exposure. Accessed June 21, 2021.

51. Lugo-Amador NM, Rothenhaus T, Moyer P.
Heat-related illness. Emerg Med Clin North
Am. 2004;22:315–327.

52. Oberlin M, Tubery M, Cances-Lauwers V,
Ecoiffier M, Lauque D. Heat-related illnesses
during the 2003 heat wave in an emergency
service. Emerg Med J. 2010;27:297.

53. Nerbass FB, Pecoits-Filho R, William F, Clark
WF, McIntyre CW, Moist L. Occupational heat
stress and kidney health: from farms to facto-
ries. Kidney Int Rep. 2017;2:998–1008.

54. Cheung SS, Lee JK, Oksa J. Thermal stress,
human performance, and physical employment
standards. Appl Physiol Nutr Metab. 2016;41(6
suppl 2):S148–S164.

55. International Organization for Standardization.
ISO Standard 7243:1989. Hot Environments
Estimation of the Heat Stress on Working
Man, Based on the WBGT-Index (Wet Bulb
Globe Temperature). Geneva, Switzerland:
ISO; 1989. Updated 2017—ISO 7243:2017:
Ergonomics of the thermal environment—
Assessment of heat stress using the WBGT
(wet bulb globe temperature) index.

56. US Army Regulation. AR 40-501: Medical
Services—Standards of Medical Fitness.
Revised June 2019. Available at: https://army-
pubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/
ARN8673_AR40_501_FINAL_WEB.pdf.
Accessed June 21, 2021.

57. Casa DJ, DeMartini JK, Bergeron MF, et al.
National Athletic Trainers’ Association posi-
tion statement: exertional heat illness. J Athletic
Train. 2015;50:986–1000. Available at: https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC4639891/. Accessed June 21, 2021.

58. Mitchell KM, Cheuvront SN, King MA, Mayer
TA, Leon LR, Kenefick RW. Use of the heat
tolerance test to assess recovery from exertional
heat stroke. Temperature (Austin). 2019;6:106–
119.

59. Moran DS, Erlich T, Epstein Y. The heat toler-
ance test: an efficient screening tool for evalu-
ating susceptibility to heat. J Sport Rehabil.
2007;16:215–221.

Tustin et al JOEM � Volume 63, Number 10, October 2021

e744 � 2021 American College of Occupational and Environmental Medicine

https://www.karger.com/Article/Fulltext/500344
https://www.nejm.org/doi/full/10.1056/NEJMra1813869
https://www.nejm.org/doi/full/10.1056/NEJMra1813869
https://www.nejm.org/doi/full/10.1056/NEJMra1813869
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4120672/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4120672/
https://journals.lww.com/joem/Fulltext/2019/03000/Risk_Factors_and_Mechanisms_Underlying_Cross_Shift.9.aspx
https://journals.lww.com/joem/Fulltext/2019/03000/Risk_Factors_and_Mechanisms_Underlying_Cross_Shift.9.aspx
https://journals.lww.com/joem/Fulltext/2019/03000/Risk_Factors_and_Mechanisms_Underlying_Cross_Shift.9.aspx
https://journals.lww.com/joem/Fulltext/2019/03000/Risk_Factors_and_Mechanisms_Underlying_Cross_Shift.9.aspx
https://www.sjweh.fi/show_abstract.php?abstract_id=3659&fullText=1
https://www.sjweh.fi/show_abstract.php?abstract_id=3659&fullText=1
https://www.dir.ca.gov/title8/3395
https://www.dir.ca.gov/title8/3395
https://www.weather.gov/safety/heat-index
https://www.weather.gov/safety/heat-index
https://adminpubs.tradoc.army.mil/regulations/TR350-29.pdf
https://adminpubs.tradoc.army.mil/regulations/TR350-29.pdf
https://adminpubs.tradoc.army.mil/regulations/TR350-29.pdf
https://www.revisor.mn.gov/rules/5205.0110/
https://www.revisor.mn.gov/rules/5205.0110/
https://www.revisor.mn.gov/rules/5205.0110/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4584656/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4584656/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4584656/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6802353/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6802353/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6802353/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6973883/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6973883/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4473280/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4473280/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7392391/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7392391/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7392391/
https://applications.emro.who.int/emhj/v25/01/EMHJ_2019_25_01_34_39.pdf
https://applications.emro.who.int/emhj/v25/01/EMHJ_2019_25_01_34_39.pdf
https://applications.emro.who.int/emhj/v25/01/EMHJ_2019_25_01_34_39.pdf
https://www.osha.gov/heat-exposure
https://www.osha.gov/heat-exposure
https://armypubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/ARN8673_AR40_501_FINAL_WEB.pdf
https://armypubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/ARN8673_AR40_501_FINAL_WEB.pdf
https://armypubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/ARN8673_AR40_501_FINAL_WEB.pdf
https://armypubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/ARN8673_AR40_501_FINAL_WEB.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4639891/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4639891/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4639891/

