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Abstract

Background: Falls are the second leading cause of work-related fatalities among US workers. 

We describe fatal work-related falls from 2003 to 2014, including demographic, work, and injury 

event characteristics, and changes in rates over time.

Methods: We identified fatal falls from the Bureau of Labor Statistics (BLS), Census of Fatal 

Occupational Injuries and estimated rates using the BLS Current Population Survey.

Results: From 2003 to 2014, there were 8880 fatal work-related falls, at an annual rate of 5.5 per 

million FTE. Rates increased with age. Occupations with the highest rates included construction/

extraction (42.2 per million FTE) and installation/maintenance/repair (12.5 per million FTE). Falls 

to a lower level represented the majority (n = 7521, 85%) compared to falls on the same level (n = 

1128, 13%).

Conclusions: Falls are a persistent source of work-related fatalities. Fall prevention should 

continue to focus on regulation adherence, Prevention through Design, improving fall protection, 

training, fostering partnerships, and increasing communication.
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1 | INTRODUCTION

Historically, falls have been a leading cause of work-related injury and fatality.1–3 Falls 

continue to result in a substantial proportion of lost workday injuries and fatalities among 

all workers.4,5 In 2014, falls became the second highest cause of both work-related 

nonfatal injury and fatality in the United States, resulting in over 300 000 non-fatal 

injuries5 and 818 traumatic deaths.6 In 2007 and 2008, falls were identified as the leading 

cause of work-related traumatic brain injuries (TBIs), surpassing TBIs caused by motor-

vehicle related events and violent acts.7 Fatal work-related falls typically involve men, 

construction workers,8,9 and older workers.10,11 Certain work-related activities are well-

established hazards for fall injuries, most notably working at heights on ladders,12 roofs 

and scaffolds,13,14 and working in areas with slippery surfaces.15–17 Specific hazards and 

fall characteristics are more common among certain worker groups, such as falls on the 

same level among healthcare workers,18 falls from roofs among residential construction 

workers,13 falls overboard from commercial fishing vessels,19 falls during tree care 

operations,20 or falls among older workers.11

For decades, fall prevention efforts have originated from multiple sources: regulation 

and policy, academic research, and labor and industry groups. The Occupational Safety 

and Health Administration (OSHA) requires all general industry employers to protect 

workers from fall hazards under 29 CFR 1910.21 At a minimum, all states must follow 

these requirements, which include providing protection against falls from heights and 

falls into machinery at any height.22 The National Institute for Occupational Safety and 

Health (NIOSH) has several programs aimed at preventing fatalities, including the Fatality 

Assessment and Control Evaluation (FACE) Program. FACE conducts investigations to 

identify risk factors associated with work-related fatalities including those due to falls. 

NIOSH and participating states create public reports from these investigations which include 

key recommendations to prevent similar fatalities,23 particularly in construction.24 Other fall 

prevention programs have evolved into sophisticated approaches such as social marketing 

to reach targeted worker populations,25 ladder safety applications for smartphones,26 

assessing slippery conditions to choose the best flooring or footwear,27,28 and focusing 

on green energy construction and maintenance (which may pose new fall risks or prevention 

opportunities).29

There is still much translational research needed to disseminate effective fall prevention 

strategies to workers at increased risk.30,31 Despite established and innovative efforts, falls 

continue to represent a large proportion of work-related fatal injuries. Although several 

publications have described the burden of fall injuries among construction workers, there 

have been no recent descriptive studies of fatal work-related falls nationally, to understand 

the current burden. The purpose of this study was to describe fatal work-related falls from 

2003 to 2014 and to examine differences among worker groups and fall events. Using 
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national level data on fatal work-related falls, our objective was to identify differences in 

fatality rates across worker demographics, occupation and industry groups, and describe 

changes in fall injury rates over time.

2 | METHODS

2.1 | Data sources

We analyzed fatal work-related falls from 2003 to 2014 from the Bureau of Labor Statistics 

(BLS) Census of Fatal Occupational Injuries (CFOI) with restricted-access BLS datasets 

that are provided to the NIOSH Division of Safety Research under a memorandum of 

understanding. The views expressed here do not necessarily reflect the views of the BLS. 

The BLS has collected the CFOI annually to characterize all fatal work-related traumatic 

injuries in the United States since 1992. To identify and confirm fatalities, BLS uses 

multiple federal, state, and local sources such as death certificates, police reports, and 

workers’ compensation reports, as well as publicly available news sources and obituaries. 

For a death to be recorded as “work-related” the decedent must have been employed at the 

time of the incident, working as a volunteer in the same capacity as a paid employee, or 

present at a site as a job requirement.32 CFOI includes all public and private sector workers 

regardless of age, but excludes fatalities occurring during a normal commute and deaths 

related to occupational diseases (eg, lung disease).

BLS developed the Occupational Injury and Illness Classification System (OIICS) in 1992 

and revised it in 2010. BLS uses this system to classify fatalities from CFOI by four separate 

hierarchical category structures: event or exposure, nature, body part injured, and primary 

and secondary injury source. Each structure uses a four digit coding scheme that increases 

detail with each digit. The BLS OIICS defines event or exposure as “the manner in which 

the injury or illness was produced or inflicted by the source of injury or illness.” Nature of 

injury as the “principal physical characteristic(s) of the injury or illness” and the body part 

as that which “is directly affected by the nature of injury or illness.” Primary and secondary 

sources are the “objects, substances, equipment, and other factors that were responsible for 

the injury or illness incurred by the worker or that precipitated the event or exposure.”33

2.2 | Outcomes of interest

Fatal falls for 2003 through 2014 were classified into three major injury event categories 

consistently across both versions of OIICS used in CFOI: falls to a lower level, falls to the 

same level, and all other falls.33,34 From 2003 to 2010, falls were identified as cases with 

a one-digit event code of “1,” based on OIICS version 1.0.34 Falls to a lower level were 

identified as “11,” falls on the same level as “13” and other falls as “10 fall, unspecified,” 

“12 jump to a lower level,” or “19 fall, not elsewhere classified (n.e.c.).” From 2011 to 2014, 

falls were identified as cases with a one-digit code of “4,” based on OIICS version 2.0.33 

Falls to a lower level were identified as “43,” falls on the same level as “42” and other 

falls as “40 fall, slip, or trip, unspecified,” “41 slip or trip without a fall,” “44 jumps to 

lower level,” “45 fall or jump curtailed by personal fall arrest system,” or “49 fall, slip, trip, 

n.e.c.”33 For this study, we analyzed data for all falls, falls to a lower level, and falls on the 

same level separately. “Other falls” were included in the “all falls category” but a separate 
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analysis was not conducted since the category includes nonspecific fall events. “Slips or trips 

without a fall” were recategorized from “215” within the “Bodily Reaction and Exertion” 

category in 2010 and moved under “Falls, slips, trips” beginning in 2011. Fatalities due 

to slips or trips without a fall represented less than 0.5% of fatal falls in any year. For 

both versions of OIICS, jumps are reported as part of the “other” category. Of note, falls 

involving moving vehicles are not included in this analysis because they are categorized as 

Transportation Accidents (OIICS v1.0) and Transportation Incidents (OIICS v2.0).

2.3 | Covariates of interest

After selecting cases for inclusion, we examined the following variables: OIICS codes for 

nature of injury, body part injured, and primary and secondary sources. We also included 

sex, age, race/ethnicity, nativity, Bureau of Census (BOC) region, industry, and occupation. 

Exact age at death was categorized into six approximate 10-year age groupings (Table 1), 

and separately categorized into three major groups (<45, 45–54, ≥55 years). Race/ethnicity 

was categorized into white (non-Hispanic), black (non-Hispanic), and Hispanic of any 

race. In order to assure confidentiality, we did not include other race groups. Nativity 

was categorized into a dichotomous variable of either foreign born or US born (including 

US territories, such as Puerto Rico, Guam, and the Virgin Islands). BOC region included 

four major US regions: Northeast, Midwest, South, and West.35 For occupation, data 

were coded according to the 2000 Standard Occupational Classification System (SOC) 

for 2003–2010, and the 2010 SOC was used for 2011–2014.36 For industry, the 2002 

North American Industrial Classification System (NAICS) was used for 2003–2010, and 

the 2007 NAICS was used for 2011–2014.37 Because of the shifts in coding scheme 

versions, all analyses for this study were limited to the broadest occupation and industry 

classifications. Although there is some overlap between the industry and occupation, we 

included both occupation and industry categories because they do not overlap in a consistent 

manner. For example, workers in “construction and extraction” occupations might work 

in “construction” or “mining” industries. Conversely, workers in a specific industry could 

be categorized into multiple occupations. For example, the construction industry includes 

office and administrative support occupations, professional and related services occupations, 

and sales and related occupations in addition to construction and extraction occupations. 

We also wanted to understand if the risk was higher for worker-specific occupations and 

for industry-specific activities. We included frequencies of fatalities by establishment size. 

However, denominator data were unavailable from CPS for this variable and we were 

therefore unable to calculate rates by establishment size and did not include this variable in 

the model.

2.4 | Fatal fall rate calculations

Annual rates were calculated using labor force denominator estimates derived from the BLS 

Current Population Survey (CPS) for workers aged 16 years and older (2003–2014). The 

CPS is the principal source of US labor force statistics and is a monthly household survey 

that collects employment, unemployment, earnings, hours of work, and other indicators 

from approximately 50 000 households across the United States.38 Rates are reported as 

the number of fatal work-related falls per million full-time equivalent (FTE) workers each 
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year, and stratified by covariates of interest. Rates incorporated the FTE composite sample 

weights from the CPS microdata.38

2.5 | Statistical analysis

In 2016, we analyzed data from 2003 to 2014. Variable groupings were consistent with 

BLS confidentiality requirements32 and previous analyses.39 Analysis included Poisson 

regression models using SAS's GENMOD procedure to calculate unadjusted (univariate) 

and adjusted (multivariate) rate-ratios (RRs) and 95% confidence intervals (CIs). Reference 

groups were selected based on lower risk and greater numbers to reduce variability of 

comparisons. The full multivariate model included sex, age, BOC region, race/ethnicity, 

nativity, industry, and occupation. To examine trends over time, we plotted rates by type of 

fall over calendar time (Figure 1) by three major age groups for falls to a lower level and 

falls on the same level (Figures 2A and 2B). We examined the most common fall to lower 

level events from 2003 to 2010 to understand changes in events associated with falls (Figure 

3). We excluded 2011–2014 events because OIICS codes were revised in 2011 and classified 

fall events by height, not by events. Similar information can be inferred from the primary 

and secondary injury source categories in OIICS, however, this represents a break in series 

and the categorizations would not be comparable at a very detailed level.33,34 Typically, the 

source of a fall is the object on which the decedent worker fell (eg, the ground), rather than 

the object that was involved in causing the fall (eg, a ladder). Data were analyzed using SAS, 

version 9.4 (SAS Institute, Inc. Cary, NC).

No review was required by NIOSH's Institutional Review Board since the analysis was 

conducted on existing data collected by other agencies.

3 | RESULTS

From 2003 to 2014, there were 8880 fatal work-related falls recorded in CFOI, representing 

over 14% of all work-related fatalities (Table 1). The annual average rate of fatal work-

related falls during the time period was 5.5 per million FTE. Falls to a lower level 

represented the majority with 7521 fatalities (85%) compared to falls on the same level 

(1128 fatalities; 13%) and “all other types of falls” (231 fatalities; 3%).

3.1 | Demographics

Most fatal work-related falls over the 12 year period occurred among men (n = 8336; 94%) 

at a rate of 8.8 per million FTE (Table 1); 4.3 times the rate for women (95%CI 3.9–4.8). 

The rate of fatal work-related falls increased consistently and substantially with age, even 

after adjusting for all variables. Most fatal falls occurred among workers aged 45–54 (n = 

2322). However, the highest rate was among workers ≥65 years (24.6 per million FTE). 

The RRs for age significantly increased after adjusting, which did not occur for any other 

variable examined. The adjusted rate ratio for falls on the same level was the highest for 

workers ≥65 years old compared to workers 35–44 years old (RRadj = 24.9, 95%CI 20.1–

30.9). Hispanics had the highest rate at 8.6 per million FTE which was significantly higher 

compared to whites (RRadj = 1.2, 95%CI 1.1–1.3). Foreign-born workers had a slightly, 

yet significantly higher fatality rate compared to US-born workers for falls to a lower level 
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(RRadj = 1.2, 95%CI 1.1–1.3), but not for falls on the same level (RRadj = 0.6, 95%CI 

0.5–0.8). The frequency and rate of fatal work-related falls were highest in the South (n = 

2874; 5.7 per million FTE), compared to the West (RRadj = 1.3, 95%CI 1.2–1.3).

3.2 | Injury characteristics

For nature of injury, most fatal work-related falls resulted in intracranial injuries (n = 

3981, 45%) or multiple traumas (n = 3037, 34%). This was consistent with body part 

categorization, where most injuries involved the head (n = 4015, 45%) or multiple body 

parts (n = 3089, 35%). The primary injury source for most falls was a structure/surface (n = 

7339, 83%). Secondary injury sources (n = 5817) that were involved in the largest number of 

fatalities included structure/surface (n = 2576, 44%), tools/instruments/equipment (n = 1074, 

18%), and machinery (n = 453, 8%).

3.3 | Occupation, industry, and establishment size

By occupation group, construction/extraction workers had the highest rate (42.2 per million 

FTE) and number (n = 4029), representing nearly half (48%) of all fatal falls (Table 1). 

In adjusted analyses, the rate of fatalities remained more than eight times the reference 

occupation (management/business/finance, RRadj = 8.4, 95%CI 7.5–9.4). Other occupations 

with comparatively high fatal fall rates included installation/maintenance/repair (12.5 per 

million FTE, RRadj = 5.5, 95%CI 4.9–6.2) and service (4.4 per million FTE, RRadj = 4.3, 

95%CI 3.8–4.8).

For industry groups, construction had the highest rate (34.9 per million FTE) and number (n 
= 4217) compared to all other industries, representing half of all falls (51%). After adjusting 

for all other variables, the agriculture/forestry/fishing industry sector had the highest fatality 

rate at 3.8 times the reference industry (services, 95% CI 3.3–4.4), although the rate ratios 

for construction (RRadj = 3.2, 95% CI 2.9–3.5) and mining (RRadj = 1.7, 95%CI 1.4–2.1) 

were similarly high.

Establishment size was available for approximately 78% of fatal falls to a lower level and 

77% of fatal falls on the same level, which was similar to establishment size for all other 

fatalities (77%). Over 45% (n = 3408) of falls to a lower level occurred among workers 

in establishments with 10 or fewer employees. During the time period, this percentage 

increased from 44% in 2003 to 53% in 2014. Interestingly, 24% (n = 275) of falls on the 

same level involved workers in establishments with 10 or fewer employees, which increased 

from 18% in 2003 to 27% in 2014. By comparison, about 36% of all other types of fatalities 

(non-falls) involved workers in establishments with 10 or fewer employees. This percentage 

also rose from 33% in 2003 to 42% in 2014. The number of fatalities involving workers 

in establishments with 10 or fewer employees has risen over the time period, but it is 

consistently about 10% higher for fatal falls to a lower level.

3.4 | Rates over time

From 2003 to 2014 the rate of fatal work-related falls showed a modest but non-significant 

decrease over time. The rate for falls to lower levels, which mirrored the rates for all falls, 

also decreased non-significantly (Figure 1). However, the annual rate for falls on the same 
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level increased significantly from 2003 to 2014, although not linearly. Figure 1 shows the 

slight reduction in rates over time for falls to a lower level compared to falls on the same 

level which experienced low, steady rates until 2006 when the rates began a sustained 

increase through 2014. Figure 2 shows the changes in rates of falls over time for three major 

age groups: workers ≥55 years had a significantly higher fatal fall rate each year compared 

to younger workers, for both types of falls. None of the age groups had a significant 

increase, but for falls on the same level, the fatality rate trended upward (Figure 2B). Among 

all falls to a lower level, falls from ladders, roofs, nonmoving vehicles, and scaffolds had the 

highest rates across the time period (Figure 3). Fatal falls from scaffolds decreased slightly 

over time, whereas rates over time for other events remained fairly consistent.

4 | DISCUSSION

Falls are a persistent, diverse source of work-related fatal injury in the United States and 

remain a priority for prevention efforts. Our results for 2003–2014 show increasing fatal 

falls, which is consistent with current literature, especially among construction workers,8,40 

as well as research from 40 years ago.1 We found that falls remain of highest concern 

for men, older workers, Hispanic workers, and workers in the construction industry and 

construction/extraction occupations. In the context of fatal work-related falls across the 

nation, nearly half (45%) involved construction and extraction occupations. Our results also 

indicate that agriculture/forestry/fishing and mining industries, and installation/maintenance/

repair occupations experienced higher fatal fall rates. Many fatal falls to a lower level 

(45%) were associated with a small business employer (10 or fewer employees) compared to 

fatalities of all other events or falls on the same level. Several differences were highlighted 

between the two main types of fatal falls.

Most fatal work-related falls were falls to a lower level, which emphasizes the hazards of 

working at heights, especially on ladders, roofs, and scaffolds. In line with OSHA standards 

for both general21 and high-risk industries,41 injury prevention efforts typically focus on 

employers providing fall protection, such as guardrails on a roof edge,42 safety nets atop 

large openings, or personal fall arrest systems.41,43 Partnership, communication, Prevention 

through Design, and training are important to ensure effective injury prevention approaches 

are available to workers on site and to ensure workers know how to properly incorporate 

injury prevention approaches in practice.41 NIOSH regularly engages OSHA and The Center 

for Construction Research and Training (CPWR) to promote fall prevention and safety 

through the National Falls Prevention Campaign, including an annual Safety Stand-Down 

to give employers, especially small construction contractors, the opportunity to discuss fall 

risks and prevention with workers.44,45 General prevention guidelines from the campaign 

encourage employers to plan ahead to reduce or remove fall hazards if possible; provide 

the right equipment when working at heights of six feet or more42; and train everyone 

on fall hazards and the correct use of safety equipment.44 Simple, innovative methods 

for safety communication have been developed recently, such as the NIOSH ladder safety 

smartphone application which provides convenient, quick access to safety information for 

ladders.26 Although previous research on safety climate has not focused specifically on falls, 

general safety and injury prevention should focus on improving safety climate,46 improving 

worker potential to influence safety practices, and communication between employers and 
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workers.47,48 Continued efforts should promote leading (rather than lagging) indicators, and 

proactive and cost-effective approaches to safety. As an example, Prevention through Design 

concepts include engineering safety features in building design, such as fall protection 

anchors or use of parapet walls,49,50 or removing the need to work at heights rather than 

fall protection only.31 More is known about falls in the context of construction workers,51 

but few proven interventions exist.52 Researchers should continue to develop and evaluate 

fall prevention programs and other interventions in construction, and prioritize interventions 

with simple solutions to reduce fatalities in small businesses in construction and other 

industries/occupations.

Fatal falls on the same level were less frequent than falls to a lower level, but the rate 

gradually increased over the ten year period. This increase is consistent with a reported 

increase in the nonfatal injury rate for falls on the same level.53 In general, falls on the same 

level result in death less frequently because they tend to be less severe compared to falls 

to a lower level. However, falls on the same level are more common and therefore more 

costly overall. Prevention efforts for this type of fall focus on a comprehensive work design 

approach, including improved lighting, walkway environment, and friction characteristics 

of flooring and footwear.15–17,54 Falls on the same level are usually associated with severe 

nonfatal injuries among older, female workers.15,54,55 In our analysis, the rates of same level 

fatal falls remained higher among men (RR = 1.8, 95%CI 1.6, 2.1).

4.1 | Strengths and limitations

To our knowledge, no other study has recently examined the status of fatal work-related 

falls across all US-workers. Our analysis shows a dramatic increase in fatal fall rates by 

age and also a large burden of fatal falls among construction workers. This finding is 

supported by researchers at the CPWR, who have consistently examined falls and other 

injuries and illnesses among construction workers.56 We included frequencies and rates 

of fatal work-related falls over time and within demographic, occupational, and industry 

subgroups. By including rates, we likely accounted for changes in the economy, such as 

the 2008–2009 downturn, although we did not examine economic risk factors in this study. 

While an examination of the impact of the economy was beyond our study goals, the 

influence of the economy on injuries and fatalities can be broad and may have an important 

impact for the construction industry.40

Study limitations include changes in primary coding systems for classifying data and 

differences in data systems to calculate rates. For example, lack of denominator data for job 

tenure and employer size did not allow these risk factors to be investigated in the adjusted 

model. Similarly, specific fall-related events were limited to 2003–2010 (Figure 3) and due 

to cells with sparse data, we were unable to examine detailed occupation or industry trends 

over time.

Fall injuries are well documented among construction workers8,9,13,40,57–59 but future 

studies should examine individual occupations or age groups, with a focus on small 

business. We could not assess the impact of OSHA standards in relation to fatal falls, 

because OSHA standards vary by state, are often dictated by whether the state is a 

Federal OSHA state, and because we examined national data. Although one review of 
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construction-related interventions suggested that regulations are not sufficient to reduce falls 

in construction workers,52 future studies might evaluate state-level regulations or standards 

as they are introduced. Finally, CFOI does not provide a description of the cause of a 

fall injury, but rather includes classifications of events and sources. Other studies have 

provided more detailed causation explanations, specifically among construction workers60 

and personal fall arrest system use among construction workers.24

5 | CONCLUSIONS

Prevention of work-related falls remains a challenge among US workers and our results 

indicate that work-related falls continue to be a problem, especially among certain worker 

groups. The lack of a substantial decrease in rates of fatal work-related falls suggests a 

continued need for collaboration of regulators and industry leaders, professional associations 

and labor unions, employers and employees, safety professionals and researchers. These 

partnerships will foster development and dissemination of effective fall prevention strategies 

including improving the work environment, implementing new prevention and protection 

technologies, and improving work safety culture through continuous education of employers 

and the workforce.
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FIGURE 1. 
Ratesa of fatal work-related falls—United States, 2003–2014
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FIGURE 2. 
A, Ratesa of fatal work-related falls to a lower level by age—United States, 2003–2014. B, 

Ratesa of fatal work-related falls on the same level by age—United States, 2003–2014
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FIGURE 3. 
Ratesa of fatal work-related falls to a lower level by event—United States, 2003–2010
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