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ABSTRACT

KEYWORDS
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Work-related deaths are a persistent occupational health issue that can be prevented. However,
prevention opportunities can be hampered by a lack of adequate public health resources. The
Western States Occupational Network (WestON) is a network of federal, state, and local occupa-
tional health professionals that includes a 19-state region of the United States. To encourage pub-
lic health collaboration, WestON partners examined work-related fatalities within the region.
Fatality counts (numerators) were obtained from the U.S. Bureau of Labor Statistics (BLS) Census
of Fatal Occupational Injuries restricted-access research files for all workers ages >15years and
fatally injured in WestON states from 2011 through 2017. Estimates of full-time equivalent hours
worked (FTE) (denominators) were retrieved from the BLS Current Population Survey. Annual aver-
age fatality rates were calculated as number of fatalities per 100,000 FTE over the study period.
Rates were stratified by state, select demographics, industry sector, and event/exposure types.
Pearson chi-squared tests and rate ratios with 95% confidence probability limits were used to
assess rate differences. All analyses were conducted using SAS v.94. From 2011 through 2017,
the annual average overall occupational fatality rate for the WestON region was 3.5 fatalities per
100,000 FTE, comparable to the overall US. fatality rate. Male workers had a fatality rate almost
10 times higher than female workers in the region. Fatality rates increased with successive age
groups. Alaska and New Mexico had significantly higher fatality rates for all racial/ethnic groups
compared to respective regional rates. Wyoming, North Dakota, and Montana had the three high-
est occupational fatality rates among foreign-born workers. Agriculture/forestry/fishing, mining/oil/
gas extraction, and transportation/warehousing/utilities were industry sector groups with the
three highest fatality rates regionally. Transportation-related incidents were the most frequent
event type associated with occupational fatalities for all 19 states. Work-related fatalities are a
crosscutting occupational public health priority. This analysis can be an impetus for collaborative
multistate initiatives among a dynamic and varied occupational public health network to better
meet the needs of a rapidly changing workforce.

Occupational Injuries (CFOI);
National Institute for
Occupational Safety and
Health (NIOSH);
occupational fatalities;
occupational safety

Introduction

During 2011-2017, an average of 4,843 workers died on
the job each year in the United States, a rate of 3.3-3.6
fatalities per 100,000 full-time-equivalent hours worked
(FTE) (BLS 2011-2017). Work-related deaths can be pre-
vented; however, prevention activities can often be ham-
pered by competing priorities, limited funding for state
and local health departments, a shortage of occupational
safety and health (OSH) professionals, and lack of

training opportunities (CSTE 2018). Regional public
health collaborations can maximize programmatic impact
in the context of limited resources. For example,
regional-level data analysis can highlight patterns of
workplace fatalities across states, industries, and demo-

graphic groups and identify common challenges.
The Western States Occupational Network

(WestON) is one of several regional occupational
health networks in the United States (CSTE 2008).
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This network was established in 2008 to build state-
level OSH capacity among 19 states (Alaska, Arizona,
California, Colorado, Hawaii, Idaho, Kansas,
Montana, Nebraska, Nevada, New Mexico, North
Dakota, Oklahoma, Oregon, South Dakota, Texas,
Utah, Washington, and Wyoming). Members include
epidemiologists from the 19 WestON states, federal
partners from the National Institute for Occupational
Safety and Health (NIOSH), the Department of
Labor (DOL) Occupational Safety and Health
Administration (OSHA), and professionals from
NIOSH Education and Research Centers and NIOSH
Centers for Agricultural Safety and Health.

To encourage regional collaboration and identify
common occupational health priorities, NIOSH and
WestON state partners examined patterns in fatal
work-related injuries in the WestON region over a 7-
year period by select population demographics,
employment characteristics, event/exposure types, and
industry sectors.

Methods

Data for this project were provided through a memo-
randum of understanding allowing NIOSH access to
restricted-access research files from the U.S. Bureau of
Labor Statistics (BLS) Census of Fatal Occupational
Injuries (CFOI) for the years 2011-2017. In 2020, BLS
changed its data reporting policies related to use of
the restricted-access research files that prevented
including data from after 2017 in this study. Fatality
counts were obtained for all workers ages 15 years and
older and fatally injured in WestON states from 2011
through 2017. For CFOI, BLS considers a fatal injury
to be work related if the person was self-employed,
working for pay, or volunteering; engaged in a legal
work activity; and was present at or traveling between
the work site(s) or traveling as part of job require-
ments at the time of the event. Fatalities that occur
during a person’s normal commute to and from work
are not included in CFOI. CFOI includes fatalities
occurring in public- or private-sector employment sit-
uations regardless of establishment size (BLS 2012a).
For this analysis, workers ages 15and older were
selected because denominator data used for rate calcu-
lations were only available for workers ages 15 years
and older. State of fatal injury was used to select
WestON region cases from CFOIL Event or exposure
leading to fatal injury in this analysis was defined
using the BLS Occupational Injury and Illness
Classification System (OIICS) v.2.01 (BLS 2012b).
Industry classifications for data from 2011 through

2013 used the 2007 version of the North American
Industrial Classification System (NAICS) codes (OMB
2007); data from 2014 through 2017 used the 2012
version (OMB 2012). Data were stratified at broad
event/exposure categories and industry sector levels.
Race and ethnicity were combined into five broad
groups: non-Hispanic White, non-Hispanic Black,
non-Hispanic American Indian/Alaska Native/Asian/
Pacific Islander (AI/AN/AAPI), non-Hispanic other
race (including more than one race), and Hispanic.
Workers of Hispanic ethnicity might be of any race or
combination of races. Foreign-born status was deter-
mined by place of birth and whether parents were
U.S. citizens at time of birth. Workers born in the
United States or its territories (including Puerto Rico,
Guam, and the United States Virgin Islands) or
abroad to a U.S. citizen parent or parents were
defined as U.S. born. Workers who were foreign-born
included anyone not a U.S. citizen at birth, including
naturalized citizens and noncitizens.

Estimates of full-time-equivalent hours worked
(FTE) were retrieved from the BLS Current
Population Survey (CPS). Using fatality counts as
numerators and FTE as denominators, annual average
fatality rates were calculated as number of fatalities
per 100,000 FTE hours worked over the 7-year study
period and stratified by state, select demographics,
industry sectors, and event and exposure types.

All occupational fatality rates reflect an annual
average rate calculated over the 7-year study period.
Pearson chi-squared tests were used to assess differen-
ces in annual average fatality rates over the 7-year
period between individual states and the overall rates
of the 19-state WestON region. Rate ratios (RR) with
95% confidence intervals (CI) were calculated to com-
pare individual state rates with the corresponding
WestON regional rate stratified by sex, age group,
race/ethnicity, U.S. versus foreign-born status, indus-
try sector, and event/exposure type. Rate ratios were
also used to compare rates within states by race/ethni-
city, with non-Hispanic White workers used as the
referent group, and U.S.-born versus foreign-born
worker status, with U.S.-born workers used as the ref-
erent group. All significance tests for rate comparisons
used a 95% confidence probability limit (p < 0.05). All
analyses were conducted using SAS version 9.4.

Results

From 2011 through 2017, the annual average overall
occupational fatality rate for the WestON region was
3.5 fatalities per 100,000 FTE, which was comparable



to the annual average overall U.S. fatality rate of 3.4
fatalities per 100,000 FTE during the same period.
Three states had fatality rates at least 2.5 times higher
than the WestON regional rate: North Dakota,
Wyoming, and Alaska (see Table 1 and Figure 1).
Four states had fatality rates significantly lower than
the regional rate: California, Washington, Arizona,
and Colorado (see Table 1). With the exception of
Colorado, state overall fatality rates were higher
within more inland states compared to more coastal
states in the WestON region (Figure 1).

Comparing occupational fatality rates by sex (see
Table 1), regionally, male workers had a fatality rate
almost 10 times higher than female workers. State
fatality rates for male workers were significantly
higher than the regional rate for male workers in 11
states (Alaska, Idaho, Kansas, Montana, Nebraska,
New Mexico, North Dakota, Oklahoma, South
Dakota, Texas, and Wyoming). State rates for female
workers were significantly higher than the regional
rate for female workers in seven states (Alaska,
Montana, Nebraska, North Dakota, Oregon, South
Dakota, and Wyoming).

Comparing fatality rates by age groups (see Table 1),
regionally, fatality rates increased with each successive
age group. Workers aged 65years and older experi-
enced the highest fatality rate (9.4 fatalities per 100,000
FTE). In North Dakota, for all reported age groupings,
state rates were over three times higher than the
respective regional rates. Two other states had fatality
rates over three times higher than the regional rate for
certain age groups: Montana had a rate 3.1 times
higher for workers aged 65 years and over, and
Wyoming had rates 3.4 and 3.8 times higher for work-
ers aged 25-54 years and 65+ years, respectively.

Compared to the respective WestON regional rates,
fatality rates were significantly higher for non-
Hispanic White workers in 11 states (Alaska, Idaho,
Kansas, Montana, Nebraska, New Mexico, North
Dakota, Oklahoma, South Dakota, Texas, and
Wyoming), for Hispanic workers in eight states
(Alaska, Colorado, Kansas, New Mexico, North
Dakota, Oklahoma, Texas, and Wyoming), for non-
Hispanic Black workers in three states (Alaska, New
Mexico, and North Dakota), and for American
Indian/Alaska Native/Asian/Pacific Islander workers
(AI/AN/AAPI) in four states (Alaska, Arizona, New
Mexico, and Oklahoma; see Table 2). Arizona, North
Dakota, and Oklahoma had significantly higher fatal-
ity rates than the respective regional rates for multiple
racial/ethnic minority groups. Arizona had 2.1 times
the rate of fatalities among non-Hispanic AI/AN/
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AAPI workers and 3.2 times the rate of fatalities
among non-Hispanic other or multiple races workers
compared to the respective regional rates of those
groups. North Dakota had 6.1 times the rate of fatal-
ities among non-Hispanic Black workers and 9.9 times
the rate of deaths among Hispanic workers compared
to the regional rates for those groups. Oklahoma had
2.3 times the rate of deaths among AI/AN/AAPI
workers and 2.4 times the rate of deaths among
Hispanic workers compared to the corresponding
regional rates. Alaska and New Mexico had signifi-
cantly higher fatality rates for all racial/ethnic groups
compared to respective regional rates.

When comparing fatality rates by foreign-born and
U.S.-born status (see Table 2), the states with the
three highest occupational fatality rates among for-
eign-born workers were Wyoming (21.5 fatalities per
100,000 FTE), North Dakota (20.4), and Montana
(16.6). States with the highest rates for U.S.-born
workers were North Dakota (10.9 fatalities per
100,000 FTE), Wyoming (10.4), and Alaska (8.8). In
10 states (Arizona, California, Colorado, Idaho,
Montana, New Mexico, North Dakota, Oklahoma,
Texas, and Wyoming), fatality rates for both foreign-
born and U.S.-born workers were significantly higher
than the respective regional rates. In only one state
(Nebraska) was the fatality rate for U.S.-born workers
significantly higher than the respective regional rate,
while the rate for foreign-born workers was not sig-
nificantly different from the respective regional rate.

Comparisons within states provided more details
on patterns of fatality rates by race/ethnicity and for-
eign-born/U.S.-born status (see Table 3). In New
Mexico, the fatality rate for non-Hispanic Black work-
ers was 2.0 times higher than for non-Hispanic White
workers. In Arizona, the fatality rate for non-Hispanic
AI/AN/AAPI workers was 1.5 times higher than for
non-Hispanic White workers. In Arizona, the fatality
rate for non-Hispanic other or multiple race workers
was 3.1 times higher than for non-Hispanic White
workers; in Hawaii, the rate for non-Hispanic other
or multiple race workers was 1.8 times higher than
for non-Hispanic White workers. In five states
(California, Colorado, Kansas, North Dakota, and
Oklahoma), fatality rates for Hispanic workers were
significantly higher than for non-Hispanic White
workers. Within 10 states (Arizona, California,
Colorado, Idaho, Montana, New Mexico, North
Dakota, Oklahoma, Texas, and Wyoming), fatality
rates were significantly higher among foreign-born
workers than among U.S.-born workers.
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WestON Region | U.S. Total
3.5 3.4

Fatality rate
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Figure 1. Annual average occupational fatality rates per 100,000 full-time-equivalent workers—WestON states, 2011-2017.

Comparing regional fatality rates by industry sector
group (see Table 4), the three highest fatality rates
were in the agriculture, forestry, and fishing industry
sector (18.0 fatalities per 100,000 FTE); mining includ-
ing oil and gas extraction (13.7); and transportation,
warehousing, and utilities (11.7). The lowest fatality
rate regionally was in the health and social services
sector (0.8 fatalities per 100,000 FTE). The highest
fatality rate in any industry sector group and state was
in agriculture, forestry, and fishing in Alaska (133.1
fatalities per 100,000 FTE). The lowest fatality rate in
any state was in health and social services in
California (0.6 fatalities per 100,000 FTE).

Comparing industry sector fatality rates within
states (see Table 4), the agriculture, forestry, and fish-
ing industry sector had the highest rate of fatalities
within twelve states (Alaska, California, Hawaii, Idaho,
Kansas, Montana, Nebraska, Oregon, South Dakota,
Texas, Utah, and Washington); the mining, oil and
gas extraction industry sector had the highest rate of
fatalities within three states (Nevada, New Mexico,
and North Dakota); and the transportation, warehous-
ing, and utilities industry sector had the highest rate
of fatalities within four states (Arizona, Colorado,
Oklahoma, and Wyoming). Additionally, North
Dakota fatality rates for all reported industry sectors
were significantly higher than regional rates.

Comparing fatality rates by event or exposure type
(see Table 5), transportation-related incidents were the
most frequent event type associated with occupational

fatalities for all 19 states (1.6 fatalities per 100,000 FTE).
Eleven states (Alaska, Idaho, Kansas, Montana,
Nebraska, New Mexico, North Dakota, Oklahoma, South
Dakota, Texas, and Wyoming) had significantly higher
rates of transportation-related fatalities compared to the
regional rate. The highest rate for transportation-related
incidents was in North Dakota, which was 4.2 times
higher than the regional rate. Falls, slips, and trips were
the second most frequent event type associated with
occupational fatalities in the WestON region (0.5 fatal-
ities per 100,000 FTE), with seven states (Hawaii,
Montana, North Dakota, Oklahoma, South Dakota,
Texas, and Wyoming) having significantly higher rates
from falls, slips, and trips than the respective regional
rate. Two types of events, contact with objects and vio-
lence, were each tied as the third most frequent event
type associated with occupational fatalities (0.5 fatalities
per 100,000 FTE). Twelve states (Idaho, Kansas,
Montana, Nebraska, New Mexico, North Dakota,
Oklahoma, Oregon, South Dakota, Texas, Utah, and
Wyoming) had significantly higher fatality rates associ-
ated with contact with objects compared to the regional
rate. Four states (Alaska, Nevada, Texas, and Wyoming)
had significantly higher rates of violence-related fatalities
compared to the corresponding regional rate.

Discussion

This article summarizes a regional and state-by-state
analysis of selected risk factors and their impact on
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rates of fatal work injuries over a 7-year period in the
WestON region. Transportation-related incidents were
the most frequent event type associated with occupa-
tional fatalities in all 19 WestON states. This is not
surprising, given that at the national level transporta-
tion events have been the most common cause of
occupational fatalities every year since the BLS CFOI
began in 1992 (BLS 2011-2017). In this analysis, the
transportation-related fatality rate for the WestON
region (1.55 per 100,000 FTE) far exceeded the rate
for the rest of the United States (0.48 per 100,000
FTE). However, there were large differences among
states: 11 states had rates significantly higher than the
regional rate, and four states experienced significantly
lower rates. Further work is needed to understand
modifiable factors associated with elevated transporta-
tion-related fatality rates in these states. For example,
Hagan-Haynes et al. (2022) performed a cross-
sectional survey in North Dakota, Colorado, and
Texas, evaluating factors not commonly available in
surveillance data such as extended work hours, com-
muting times, drowsy driving, and safety practices at
oil and gas extraction companies.

Concerted effort is needed to address transporta-
tion-related risks, since transportation remains a sin-
gularly hazardous part of many jobs. By identifying
common high-risk worker populations, industries, or
work arrangements, multistate collaborations could
potentially be leveraged to address this challenge. As
an example, a multistate coalition from universities,
NIOSH-funded Centers for Agricultural Safety and
Health, private corporations, and agricultural organi-
zations worked to address tractor rollovers, a serious
hazard in agriculture (Tinc et al. 2016). Among other
achievements, this collaboration strengthened a multi-
state rebate program for tractor rollover protection
systems (ROPS), which is active in seven states, saves
lives, and has proven cost-effective (National ROPS
Rebate Program; Myers et al. 2018). A similar
approach might be appropriate for addressing trans-
portation-related fatalities or other hazards.

Consistent with research dating to the early 1980s
(Bell et al. 1990; Kisner and Pratt 1997; 1999), this
study found higher fatality rates for older workers
(ages 65 and older). Our estimate of 9.4 deaths per
100,000 FTE for workers > 65 in the WestON region
was slightly lower than the rate of 10.9 for the rest of
the United States. However, rates in this group were
markedly higher in seven of the 19 WestON states.
Prior research has found higher rates of fatalities in
older workers associated with machinery (Marsh and
Fosbroke 2015), transportation (Myers et al. 2011),

falls (Dong et al. 2012), and agricultural work, espe-
cially logging (Richey et al. 2023). The association
between older workers and deaths in transportation
and in the agriculture, forestry, and fishing industry
sector has been described repeatedly in the literature,
and might be a productive area for future work in the
WestON region (Castillo and Malit 1997; Myers et al.
2009; Kachan et al. 2012; Chen et al. 2014; Swanton
et al. 2016). For example, a study in Oregon found
55% of occupational fatalities in workers ages 65 years
and over were transportation related (Walters et al.
2013). Workers ages 65 years and over had more than
a three-fold greater risk for transportation-related
fatalities compared to workers of all ages. A study in
North Dakota focused on farm-related injuries identi-
fied tractor-related incidents as the leading cause of
admissions to a regional trauma center, with workers
ages 65years and older accounting for more than half
of those incidents (Gilblom et al. 2023). In what the
U.S. Census Bureau has called a “gray tsunami,” the
entire baby boomer generation will be ages 65 or
older by 2030 (U.S. Bureau of Census 2019). As the
labor participation rate for this age group is projected
to increase in the coming decade (BLS 2022), workers
ages 65 and over will soon represent a major segment
of the work force. This demographic transition will
make it more essential than ever to provide safe work-
ing conditions for older workers.

This analysis found elevated occupational fatality
rates among several historically marginalized demo-
graphic groups, including Black, Hispanic, AI/AN/
AAPI, and foreign-born workers. Trends varied sub-
stantially by state: rates were higher in at least one of
the above-listed groups in 12 of the 19 WestON states
compared to White or U.S.-born workers. For foreign-
born workers, prior research has not consistently found
higher rates of occupational fatalities among foreign-
born workers overall, but results have been more con-
sistent for certain subgroups. In 2011, BLS reported 835
deaths in foreign-born workers—16% of total occupa-
tional fatalities in the United States in 2008 (BLS 2011).
This was roughly proportionate to the representation of
foreign-born workers in the labor force (15.6%).
However, the same report also showed that in every
year over the 17-year period ending in 2008, foreign-
born Hispanic/Latino workers died on the job in greater
numbers than U.S.-born Hispanic/Latino workers. Two
follow-up studies from the BLS produced similar
results. From 2006 to 2008, the fatality rate for foreign-
born Hispanic/Latino workers (5.7 per 100,000 FTE)
exceeded the rate for U.S.-born Hispanic/Latino work-
ers overall (3.6) and for all workers (4.0 per 100,000)



(Byler 2013). A more recent study found only a slightly
elevated risk for occupational fatalities among foreign-
born workers overall (hazard ratio [HR]: 1.15), but
higher risk for workers from Central America (HR: 1.5)
and Mexico (HR: 1.3) (Byler and Robinson 2018).
Further examination of fatalities among historically
marginalized workers at the state level by industry,
region of birth, or cause of injury could reveal more
opportunities for preventing these deaths.

There is an overall scarcity of peer-reviewed occupa-
tional safety and health research focusing on American
Indian and Alaska Native (AI/AN) workers (Wingate
et al. 2023). Some research has documented health risks
among AI/AN miners, primarily in coal and uranium
mining (Roscoe et al. 1995; Schubauer-Berigan et al.
2009; Hall et al. 2022). A few studies have addressed
risks from agricultural work (Goldcamp et al. 2006;
Helitzer et al. 2014), animal handling (Duysen et al.
2017), or environmental exposures to AI/AN workers
(Klepeis et al. 2016). As part of an effort to increase
knowledge and enhance worker safety and health of
this population, NIOSH recently published a strategic
plan for AI/AN worker safety and health (NIOSH
2023). While NIOSH coordinated the development of
the strategic plan, tribes, tribal leaders, tribal-serving
organizations, academic researchers, state and local
health department staff, and government agencies
helped establish the breadth and content of the plan.
The plan provides a framework to stimulate collabor-
ation, research, outreach, and partnerships to increase
health, safety, and well-being in AI/AN workers.

This study reports occupational fatality rates for AI/
AN/AAPI workers as a single group. Collapsing these
populations into one group was done to preserve statis-
tical power for comparisons, and because the BLS
reporting thresholds would have otherwise required
suppression of some data entirely. Unfortunately, this
also obscured potential differences between individual
groups. As a result, the ability to interpret findings
related to individual groups within the AI/AN/AAPI
category is limited. It is uncertain the extent to which
fatality rates for the AI/AN/AAPI category reflect the
risk for more specific groups in that category. Each of
these populations likely have distinct work experiences
(USDOL 2022), which warrants separate investigations.

Limitations

This study has several limitations. CFOI data does not
capture work-related fatalities caused by illness. Thus,
counts related to fatal illnesses acquired on the job were
not included (BLS 2012a). Multiple NAICS versions
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were used to classify industry sectors across the study
period, although this is not likely to have altered results
meaningfully. Comparisons of fatal work-injury rates
among states should be done thoughtfully, as rate dif-
ferences can be a result of industrial employment pat-
terns and workforce demographics. Additional context
(such as is provided in Tables 1-5) should be consid-
ered when directly comparing rates. Occupational fatal-
ity rates for AI/AN/AAPI workers were analyzed as a
single group. Depending on the distribution of workers
in the individual groups in this category in a given state
and the distribution of fatalities in those groups, rates
for the AI/AN/AAPI category could over- or underesti-
mate rates in the groups that comprise the broader cat-
egory. Foreign-born status can be a proxy for language
barriers, access to health resources, health literacy, and
other social determinants of health or occupational
health disparities (Stanbury and Rosenman 2014).
However, these other variables were not available in
CFOI data. Thus, foreign-born status as a proxy for
these variables has limitations and may be confounded
by factors such as region of birth (Byler and Robinson
2018) or age of migration to the United States (Steege
et al. 2014). Finally, some of the highest fatality rates
occurred in states with relatively small populations.
These rates can be highly sensitive to small changes in
the numerator and may be unreliable measures for
comparing to states with much larger populations.

For this study it was not practical to examine
cross-tabulations for each combination of demo-
graphic, industry, and event category given the report-
ing requirements in our data use agreement. However,
this study identified several foundational topics for
more focused research and prevention efforts. Some
of the issues underlined were far more prominent in
some states than others, but some cross-cutting issues
were common to multiple states, where consultation
and sharing of best practices could be helpful.

Conclusion

Using restricted-access data from BLS CFOI research
data files, we examined occupational fatalities in more
detail than is available from public BLS CFOI data.
We found statistically significant differences in fatal
injury patterns across a variety of risk factors in each
of the 19 WestON states. This project was intended as
a framing study to provide a benchmark for states,
researchers, and safety professionals to understand
occupational fatalities in the WestON region. The
results can provide a starting point for more in-depth
research into some of the risk factors highlighted,
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which varied considerably by state. This report can
also help frame programmatic discussions around sur-
veillance, interventions, policies, or collaborations at
the state or local level to protect workers.

Addressing aims and scope

This article is a secondary data analysis that describes
and compares patterns of fatal work-related injuries
by demographics and employment. The purpose of
this article is to enhance the knowledge of, and
encourage collaboration among, occupational health
scientists to address work-related fatality events and
exposure risks in different demographic populations,
geographic locations, industries, and occupations.
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