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Abstract

Background—Occupational heat-related mortality is not well studied and risk factors remain
largely unknown. This paper describes the epidemiological characteristics of heat-related deaths
among workers in the US 2000-2010.

Methods—Fatality data were obtained at the Bureau of Labor Statistics from the confidential on-
site Census of Fatal Occupational Injuries database. Fatality rates and risk ratios with 95%
confidence intervals were calculated by year, sex, age group, ethnicity, race, state, and industry.

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

Conclusions—This study provides the first comprehensive national profile of heat-related
deaths in the U.S. workplace. Prevention efforts should be directed at small businesses and at
industries and individuals with the highest risk.

Introduction

As climate change effects gradually progress, the importance of understanding and
preventing heat stress in the population becomes increasingly imperative. Within the last
decade, numerous studies have associated extreme heat with mortality [Basu and Samet,
2002; Curriero et al., 2002; Hajat et al., 2006; Anderson and Bell, 2011] and identified sub-
populations particularly vulnerable to heat [Semenza et al., 1996; Wainwright et al., 1999;
Stafoggia et al., 2006; Rey et al., 2007; Gabriel and Endlicher, 2011]. Environmental heat
exposure is directly associated with an average of 618 fatalities/year in the U.S. [CDC,
2012], making heat the leading cause of weather-related deaths, above lightening, tornadoes,
hurricanes, and floods combined [NOAA, 2011]. Further, these heat-fatality estimates likely
exclude deaths for which heat was a discreet contributory cause (e.g., myocardial
infarctions). High temperatures are also strongly associated with population-level increases
in hospitalizations for cardiovascular, respiratory, and other illnesses, as well as excess
emergency department visits [Semenza et al., 1999; Wainwright et al., 1999; Braga et al.,
2002; Schwartz et al., 2004; Dolney and Sheridan, 2006; Knowlton et al., 2009].

Less is known about occupational heat-related morbidity and mortality, since most previous
studies have focused on population-level heat effects, despite added occupational factors
that may translate into greater overall heat-related health risks in the workplace. Workers are
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sometimes required to perform exertional work tasks while exposed to high ambient
temperatures, increasing vulnerability to heat-related health effects. Physical strain and
increased metabolic heat load can trigger accidents through physical fatigue, impaired
mental capacity, and misuse of personal protective equipment (PPE) [Ramsey, 1995; Park et
al., 2009; Rowlinson et al., 2013]; PPE restricts heat loss from the body and becomes
problematic to employees working in the heat [Crockford, 1999].

Despite the potential of heat stress as an occupational hazard, there are no federal
government standards to protect workers. The extent of heat-related injuries and illnesses
(HRI) in U.S. workers is not known, although in 1986, the National Institute for
Occupational Safety and Health (NIOSH) estimated 5 to 10 million employees are exposed
yearly [NIOSH, 1986]. The published works on occupational HRI are limited and generally
focus on particular events, outcomes, states, or industries [Gubernot et al., 2013]. For
example, previous studies have investigated heat-related fatalities specifically in agricultural
workers [Luginbuhl et al., 2008] and in the state of North Carolina [Mirabelli and
Richardson, 2005], and heat-related morbidity in miners [Donoghue, 2004], responders to
the Deep Water Horizon Gulf Oil Spill of April 2010 [King and Gibbons, 2011], the military
[Gardener et al., 1996; Epstein et al., 1999; Carter et al., 2005], and workers in the states of
Washington [Bonauto et al., 2007; Bonauto et al., 2010] and Florida [Florida DOH, 2011].

To our knowledge, no prior study has described the epidemiology of U.S. occupational heat-
related fatalities over multiple years, including all industries and states. The study aims are
1) to describe overall rates by year, industry, and state; 2) to describe the demographic
characteristics of the cases; and 3) to use these data to determine groups at highest risk for
targeted prevention efforts. Although this article specifically focuses on fatal HRI
occupational events, insights from these findings could be applied to broader heat illness
prevention efforts.

Material and Methods

Data Sources

Fatality data were obtained at the Bureau of Labor Statistics (BLS) from the confidential on-
site Census of Fatal Occupational Injuries (CFOI) database. The database represents all
identified worker fatalities including those outside the scope of the Occupational Safety and
Health Administration’s (OSHA) coverage, such as volunteers [BLS, 2002]. Undocumented
workers are included in CFOI as are military personnel stationed in the U.S. A heat-related
death is identified in CFOI as an exposure to environmental heat with the BLS Occupational
Injury and IlIness Classification System event/exposure code 321 and the nature code of
072. Event and nature codes for environmental heat deaths reported 2000 through 2010 were
queried and confirmed as related to environmental heat by reviewing the case narratives.
The data reported in this paper are presented per BLS guidelines for confidentiality;
however, all data are included in our analyses.

The Current Population Survey (CPS) provides denominator data for employed individuals
and includes all employed civilian non-institutionalized workers > 16 years of age. These
CPS data are available on the BLS website for rate determination.
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Institutional Review Board approval was not required for this research as the records are of
deceased persons and there are no linkages to identifying information; data are displayed as
summary statistics only. For the same reasons, informed consent was not required. A data
confidentiality agreement was signed by the Bureau of Labor Statistics and the George
Washington University.

Variable Definitions and Codes

The following CFOI variables were included in the analyses: sex; age; age group; race;
ethnicity; month; time of day; day of week; county; state; establishment size; ownership
type; employee status; industry; date of incident; and date of death.

Demographic Variables—Age was utilized as a continuous variable and also
categorically as classified by BLS. We also dichotomized the age variable as younger (<55
years old) and older (= 55 years old). The age of death was used in the calculations; in
nearly every case, age of death and age of incident (exposure) were the same. The BLS
classification for sex, race, and Hispanic origin were also used.

Temporal and Geographical Variables—CFOI includes workers in all 50 states and
the District of Columbia. The BLS classification for month, time of day, day of week, and
state were used. The state variable refers to the state of exposure. We calculated the “time
survived” variable which was dichotomized into “death on day of exposure” and “death after
day of exposure”.

Establishment and Industry Variables—We utilized the BLS industry sector codes,
establishment size, and ownership type classifications. The BLS utilizes the North American
Industry Classification System (NAICS) to assign industry codes. Prior to 2003, the BLS
applied the Standard Industrial Classification Industry Group codes. The agency
implemented changes in industrial classification to better measure economic activities and to
include newer industries and sub-sectors [BLS, 2013]. We accounted for and addressed the
differences in these systems for appropriate industry classification in these analyses. We
determined heat-related fatality rates for the BLS NAICS-aggregated industry sectors. Based
on these preliminary data, we categorized industries by the three sectors with the highest
rates: 1) Agriculture, Forestry, Fishing and Hunting - NAICS code 11; 2) Construction -
NAICS code 23; 3) and Administrative and Support and Waste Management and
Remediation Services - NAICS code 56, which we refer to as Support, Waste and
Remediation Services. All other industries served as the referent group.

Statistical Analysis

Data were extracted, managed and analyzed using Microsoft Excel (Microsoft, Redmond,
WA). Injury rates were calculated as number of deaths per 1,000,000 workers. The
numerators indicate the number of deaths and denominator data are estimates from the CPS.
Average annual incidence rates were calculated for each group. Risks were calculated using
rate ratios with 95% confidence intervals (Cl) as described by Rothman [Rothman and
Greenland, 2008].
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Deaths of volunteers, individuals < 16 years of age, and military personnel were included in
the counts but removed from the rate analyses as they are not represented in the CPS
denominator data.

Results

Yearly Occupational Heat-Related Mortality Rates

Our analysis of CFOI record data from 2000 to 2010, identified 359 worker deaths reported
due to exposure to environmental heat in the U.S. There were five volunteers and 15 military
personnel included in this total; no workers < 16 years old were identified.

The average annual heat-related fatality rate was 0.22 deaths per 1 million workers. For the
study time period of 2000-2010, the highest rates were in 2005 (0.32) and 2006 (0.30),
followed by 2002 and 2010 with rates of 0.29; the lowest rate was in 2004 (0.11). We
dichotomized the study period into “earlier” (2000-2004) and “later” (2005-2010) and
found a higher rate for the latter years (0.25 vs. 0.18) with a rate ratio (RR) of 1.4 (95% CI:
1.1,1.7).

Demographic Characteristics

The distribution of demographic characteristics for the 359 fatalities is summarized in Table
I. Only 10 cases were female. Males had a significantly higher rate compared to females,
with an RR of 32.0 (95% CI: 17.0, 60.0). When rates in the agriculture and construction
industries were stratified by sex, males continued to have higher rates. However, in
accordance with BLS publishing criteria, these data are not reported here.

The median age of deceased workers was 41 years old. There was no significant difference
in HRI fatality rates among age groups with the exception of the > 65-year stratum. This

group had a slightly significant increased rate of 0.34 with an RR of 2.2 (95% CI: 1.1, 4.4).
Age groups dichotomized as < 55 years and = 55 years had nearly identical rates (Table I).

Higher rates were associated with ethnicity and race. Blacks had an RR of 1.5 (95% CI: 1.1,
2.0) compared to whites. Notably, Hispanics compared to non-Hispanics had an RR of 3.2
(95% ClI: 2.5, 4.0) and an average yearly fatality rate of 0.54 per 1 million workers (Table
3-1). When rates were stratified by ethnicity in the agriculture and construction industries,
the same pattern was observed. Hispanics had an RR of 3.4 (95% ClI: 2.0, 5.8) when
compared to non-Hispanics in agriculture and an RR of 1.7 (95% CI: 1.1, 2.6) in
construction (data not shown).

Mortality Rates by Industry and State

Table Il displays the industries with the highest average annual rates of heat-related
mortality: Agriculture (3.06 per 1 million workers), Construction (1.13), and Support, Waste
and Remediation Services (0.56). All other industry sectors served as the referent group. In
comparison to the referent group, agriculture had more than 35 times the risk of heat-related
death and construction had 13 times the risk; these two industries accounted for 207 (58%)
of the cases. Support, Waste and Remediation Services had an RR of 6.4 (95% ClI: 4.4, 9.4).
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Similarly, Table Il shows average annual HRI fatality rate and risk ratios among the ten
states with the highest rates. Mississippi had the highest rate of 1.05 per 1 million workers,
followed by Arkansas (0.66), Nevada (0.63), West Virginia (0.60), and South Carolina
(0.52). The risk in Mississippi was more than 6 times that of the 40-state reference group.
Texas, which accounted for 43 deaths, had a rate of 0.33 (data not shown). California, with
45 deaths, had a rate of 0.24 which was only slightly higher than the U.S average death rate
of 0.22 (data not shown). These two states account for almost 25% of the deaths from 2000
2010 while 40% of deaths were attributed to the ten high-risk states listed in Table III.

Temporal and Establishment Characteristics

The largest number of deaths occurred during July (34%) with the vast majority of the cases
occurring in the summer months of June—August (86%). The majority of the workers (65%)
fell ill in the afternoon hours between 12 noon and 6:00 pm. Approximately 90% of the
cases occurred during the normal work week of Monday-Friday. Most workers died on the
day of exposure (71%).

Private industry accounted for 321 deaths (89%) and 21 deaths occurred in the federal
government, primarily U.S.-based military personnel. Of the 244 cases that reported
establishment size, the largest proportions of cases were in very small establishments of less
than 10 employees (43%) and very large establishments of greater than 100 employees
(27.5%). We cannot determine the risk of small establishments as BLS denominator data for
establishment sizes differ from CFOI size categories.

Discussion

Our study, the largest nationally representative epidemiological study on occupational HRI
fatalities, demonstrates the importance of these preventable deaths. There is clearly a need to
develop more effective HRI prevention programs to reduce worker heat-related morbidity
and mortality. The findings identified the contribution of various factors to occupational

HRI fatalities which include sex, race, ethnicity, industry sector, and state.

There was no distinguishable year-to-year trend in fatalities from 2000 to 2010. However,
dichotomizing the study time resulted in a slightly, but statistically significant, higher rate in
the latter half of the decade. This suggests that the yearly rates reflected fluctuating weather
patterns.

Working men die of heat-related illness far more than women. Compared to females, men
had 32 times the risk of a work-related HRI death. When the high risk industries were
stratified by sex, men continued to have significantly higher rates. Population studies also
find males account for the majority of deaths. The Centers for Disease Control and
Prevention found that of the 7415 heat-related deaths reported 1999-2010, the majority
(68%) were male [CDC, 2012]. Heat wave vulnerability studies on demographic subgroups
are inconclusive and inconsistencies have been reported with regard to sex [Ellis et al.,
1975; Whitman et al., 1997; Semenza et al., 1999; Stafoggia et al., 2006]. Our study and
other occupational research finds a much higher rate among working men and this
observation deserves further study.
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Although we hypothesized that increased age would be associated with higher HRI fatality
rates, the difference in rates among the age groups was not substantial. Increased age is an
established risk factor for heat-related deaths and population level heat-related morbidity
and mortality studies have shown this to be a significant variable [Semenza et al., 1999;
Basu et al., 2005; Knowlton et al., 2009]. When we dichotomized the age groups < 55 years
and = 55 years, the rates were nearly identical (Table I). Our data show that only the > 65
years age group had an elevated risk of a heat-related death. This smaller-than expected
increase in the heat-related death rate among the oldest workers might be explained by older
persons not being equally represented in the high risk occupations and duties within these
high risk industries. This warrants further investigation.

Race had a small, but significant, effect on fatality rates. The slightly increased rate among
black workers seen in this analysis has also been found in other occupational heat-related
studies [Mirabelli and Richardson 2005; Florida DOH, 2011]. Ethnicity was more strongly
associated with higher rates: Hispanics were 3.2 times more likely to die of work-related
heat exposure than non-Hispanics. Although Hispanics account for 13.6% of the general
workforce, they represent an estimated 20.1% of agriculture and 23.4% of construction
workers. The higher risk for Hispanics is partially explained by their over-representation in
these high risk industries. However, when ethnicity was stratified for the agriculture and
construction industries, the higher rates persisted. As previously reported, these workers
may have added risks due to language and cultural barriers; migrant worker or day laborer
status; hazards of poverty; poor housing and healthcare; and inadequate training [Kahn,
2004; Kandel, 2008; Liebman and Augustave, 2010; Lowry et al., 2010; Mirabelli et al.,
2010; Culp et al., 2011; Vallejos, 2011; Fleischer et al., 2013].

As expected, agriculture and construction had the highest rates for HRI deaths. Some farm
and construction workers are paid by the job, and individuals may avoid breaks as it will
negatively influence their income. Heat-related studies in the U.S. construction industry are
particularly lacking, however, heat stress and the need for preventive measures in the
farming industry have been previously discussed [Luginbuhl et al., 2008; Kjellstrom et al.,
2009; Park et al., 2009; Liebman and Augustave, 2010; Lowry et al., 2010; Mirabelli et al.,
2010; Vallejos, 2011; Fleischer et al., 2013; Stoeckin-Marois et al., 2013].

Our study identified 15 military personnel who expired due to environmental heat while on
the job or training at a U.S. facility. The military has performed numerous studies on the
health of soldiers and the effects of extreme heat, as heat exposure has historically been a
military concern. Heat illness research and implementation of preventive measures are key
practices of the U.S. military and discussed elsewhere [Yaglou and Minard, 1957; Gardener
et al., 1996; Epstein et al., 1999; AETC, 2000; Carter et al., 2005; Hollowell, 2010].

Although Texas and California accounted for 88 (24.5%) of the fatalities, they were not
among the states with the highest death rates. California, which did not have a significantly
high rate (0.24), has evaluated a comprehensive heat prevention campaign (initiated in 2010)
targeted at agricultural workers and has an enforceable regulation for prevention of heat
illness in outdoor workers [CA Code of Regulations, 2012; Cal/OSHA, 2013]. In fact,
California and Washington states are in the forefront for implementing workplace safety
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policies to prevent heat-related illnesses [Jackson and Rosenberg, 2010]. States with higher
HRI death rates, such as Mississippi and Arkansas, should consider immediate
implementation of such policies or prevention programs targeting their high risk industries
and workers.

With 71% of the cases dying on the day of exposure, the survival time variable suggests that
the HRI cases were acute and possibly not recognized and treated in a timely manner.
Prevention programs should focus on early recognition and treatment of HRI signs and
symptoms.

Length of service, which has been shown to be associated with workplace injuries, was not
analyzed in this study due to lack of data. Newer employees and those not acclimatized to
working in hot conditions are most likely at high risk of HRI as seen in other studies
[Epstein et al., 1999; Carter et al., 2005; Maeda et al., 2006]. HRI training and
acclimatization programs for new employees should be encouraged for all industries
employing outdoors workers.

Many of the intervention and monitoring practices recommended in the available heat stress
prevention guidances, such as the American Conference of Governmental Industrial
Hygienists guideline [ACGIH, 2009], are not practical for all work places. The guidelines
are appropriate for large, stable operations, with established procedures, medical
surveillance, Wet Bulb Globe Temperature equipment and an industrial hygienist
responsible for monitoring conditions. For worksites that are small and non-stationary, or
where employees work independently or in remote areas, the use of complex guidelines may
not be feasible. As noted by Yorio and Wachter [2013], small businesses may not have the
resources to develop and implement effective safety measures. Small establishments that are
decentralized may also lack the organizational structure to support safe practices.

These reasons may explain why the highest percentage of heat-related deaths occurred in
establishments of < 10 employees. Yet, these small establishments are exempt from OSH
Act’s injury and incident reporting requirement as well as programmed OSHA inspections
(29 CFR 1904.1). This study, as well as previous research, has shown that work-place
fatalities can be disproportionally high among small businesses [Taylor et al., 2002; Weil
and Wolfrod, 2013]. Clearly these establishments should be targets for well-designed
interventions to communicate, educate, and address workplace health and safety.
Additionally, small businesses merit particular attention from occupational health policy
makers for a strategic plan for risk communication and possibly a legislative approach on
the particular health and safety needs of these establishments [MacEachen et al., 2010].

OSHA, with the support of NIOSH, launched a heat illness prevention campaign in the
summer of 2011. The aim of this endeavor is to educate both employers and employees on
recognition and prevention of occupational heat illness. The OSHA website provides
information on risks, prevention, signs and symptoms, and first aid (https://www.osha.gov/
SLTC/heatstress/index.html).

AmJ Ind Med. Author manuscript; available in PMC 2016 February 01.


https://www.osha.gov/SLTC/heatstress/index.html
https://www.osha.gov/SLTC/heatstress/index.html

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gubernot et al.

Limitations

Page 8

Our data and analyses include several potential limitations which are inherent to
occupational surveillance studies. Surveillance of worker illnesses and injuries is not
optimal and it is well-established that occupational illnesses and injuries are undercounted
[Rosenman et al., 2006; Miller, 2008; AFL-CIO, 2011]. Further, there are many reasons why
employees may not report illness or injury to employers, including: 1) fear of discipline or
termination; 2) economic incentives; 3) fear of being labeled as accident-prone or a problem
employee; and 4) foreign-born workers may fear being reported to the U.S. Citizenship and
Immigration Services [AFL-CIO, 2011]. Although these issues apply to workers reporting
on-the-job illnesses and injuries, a fatality may not be classified as work-related if it occurs
after an individual has completed his or her shift or leaves the job site.

The outcome - occupational heat-related fatality - is subject to disease misclassification
because heat-related illnesses are not always recognized by patients, physicians or medical
examiners. Definitions and procedures used by medical examiners and coroners are not
standardized [Donoghue et al., 1997; Sun, 2010]. Deaths, such as cardiovascular fatalities,
where heat was a contributory cause may not be recorded as heat-related, as CFOI data
represent only those deaths for which heat exposure is specifically included on the death
certificate or other official documentation. Heat-related occupational fatalities are expected
to be underreported for purposes of this study and the number of heat-related fatalities
presented should be considered the minimum estimate of deaths. Nevertheless, as
determined by Layne [2004], CFOI provides the most comprehensive and complete count of
fatal work injuries available.

CPS denominator estimates may have some level of sampling error that can unknowingly
impact our calculated fatality rates. The rates are based on employment only and do not take
into account differences in the number of hours worked [BLS/CFOQI, 2006].

The results of this study are based on 359 cases and yearly average rates from an 11-year
time frame. Failure to achieve significance in variable associations might reflect insufficient
sample size or other study limitations rather than absence of an actual relationship [Gordis,
2009]. Additionally, the rates for the states are based on this 11-year timeframe and
therefore any decreases in deaths due to implementation of heat stress programs are not
captured in these data.

We analyzed industry sector only. Further analysis of occupation will provide additional
characterization of HRI fatalities in the workplace. Lastly, consideration of employees’
personal risk factors and predisposition to heat illnesses, as well as interactions between risk
factors, was beyond the scope of this study.

Conclusions

Improving our understanding of at-risk workers is essential to avert preventable heat-related
deaths and illnesses. This study is a first step in characterizing these workplace fatalities.
Occupational exposures to heat may be more hazardous than routine community exposures
as the individual has less control over the work environment.
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Heat-related morbidity in the workplace is difficult to ascertain due to limitations in
occupational surveillance systems. However, fatal and non-fatal occupational heat-related
illnesses most likely have similar epidemiologic patterns and risk factors. Further research
on personal risk factors, PPE use, and other potential occupational or environmental risk
factors contributing to heat-related morbidity and mortality in the workplace is needed.

Although severe weather elements have always been a threat to human health, significant
shifts in weather patterns are escalating and climate change is now recognized by the World
Health Organization as one of the leading global health threats of the 215t century [WHO,
2009]. Research on occupation health impacts of weather extremes is relevant not only for
the present, but also to contribute to preparedness for, and adaptation to, the projected
effects of climate change.
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