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Abstract
Background
Evidence suggests that rates of occupational injuries in the US are decreasing. As several different occupational injury surveillance systems are used in the US, more detailed investigation of this trend is merited. Furthermore, studies of this decrease remain descriptive and do not use inferential statistics. The aim of this study was to provide both descriptive and inferential statistics of temporal trends of occupational injuries treated in US emergency departments (EDs) for 2012 to 2019.

Methods
Monthly non-fatal occupational injury rates from 2012 to 2019 were estimated using the national electronic injury surveillance system—occupational supplement (NEISS-Work) dataset, a nationally representative sample of ED-treated occupational injuries. Rates were generated for all injuries and by injury event type using monthly full-time worker equivalent (FTE) data from the US Current Population Survey as a denominator. Seasonality indices were used to detect seasonal variation in monthly injury rates. Trend analysis using linear regression adjusted for seasonality was conducted to quantify changes in injury rates from 2012 to 2019.

Results
Occupational injuries occurred at an average rate of 176.2 (95% CI =  ± 30.9) per 10,000 FTE during the study period. Rates were highest in 2012 and declined to their lowest level in 2019. All injury event types occurred at their highest rate in summer months (July or August) apart from falls, slips, and trips, which occurred at their highest rate in January. Trend analyses indicated that total injury rates decreased significantly throughout the study period (− 18.5%; 95% CI =  ± 14.5%). Significant decreases were also detected for injuries associated with contact with foreign object and equipment (− 26.9%; 95% CI =  ± 10.5%), transportation incidents (− 23.2%; 95% CI =  ± 14.7%), and falls, slips, and trips (− 18.1%; 95% CI =  ± 8.9%).

Conclusions
This study supports evidence that occupational injuries treated in US EDs have decreased since 2012. Potential contributors to this decrease include increased workplace mechanization and automation, as well as changing patterns in US employment and health insurance access.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s40621-023-00423-y.
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Background
Non-fatal occupational injuries represent a significant source of morbidity for workers in the United States (US), with an estimated 1,108,300 non-fatal occupational injuries requiring time away from work in 2019 (U.S. Bureau of Labor Statistics 2020a). Furthermore, occupational injuries cost the US economy an estimated $171 billion in 2019 alone (National Safety Council 2022). In addition to a large national economic burden, occupational injuries result in significant psychosocial harm to workers (Kim and Choi 2016; Lax and Klein 2008), their families (e.g., through lost earnings and an increased time spent caring for an injured family member; Boden 2005; Dembe 2001), and their communities (Boden et al. 2001).
A crucial step in preventing occupational injuries is epidemiologic surveillance (Azaroff et al. 2002). As the US has no centralized occupational injury reporting system, non-fatal injury surveillance occurs through multiple sources, including emergency department (ED) records, employer-based surveys, and workers compensation claims (National Academy of Science 2018; Bush et al. 2021). Each source has relative strengths and weaknesses. For instance, ED-treated injuries, collected via the National Electronic Injury Surveillance System—Occupational Supplement (NEISS-Work), represent workers of any employment type (e.g., public, private, self-employed, volunteers, etc.) but are limited to workers who seek ED treatment (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2019a). Conversely, employer-reported injury data, collected through the Bureau of Labor Statistics’ (BLS) Survey of Occupational Injuries and Illnesses (SOII), are collected through a large survey with high response rates but are limited to injuries incurred by privately employed workers (Williams 2022; Council of State and Territorial Epidemiologists 2021); while some state and local government employees are included in SOII, injuries incurred by federal and self-employed workers are not captured (Wiatrowski 2014). Finally, workers compensation data include many variables and allow for individual-level longitudinal analysis, but require an injury to be billed to, or have a claim associated with, a worker’s compensation system (Seabury et al. 2014; Witt et al. 2018). Previous literature estimates that over 40% of ED-treated occupational injuries nationally are not billed to workers’ compensation (Groenewold and Baron 2013) and that workers’ compensation is the expected payer in less than 5% of ED-treated occupational injuries at the state level (Bush et al. 2021). Furthermore, workers’ compensation datasets are typically available only at the state level or for small proportions of the national working population (Murphy et al. 2021).

Despite their differences, several independent data sources report decreases in US non-fatal occupational injury rates, continuing a decades-long trend of decline (Bhushan and Leigh 2011). For instance, Guerin et al. reported that annual occupational injury rates treated in US EDs declined from 2012 to 2018 for workers aged 18–44 years (Guerin et al. 2020). Similarly, employer-reported data from the BLS SOII indicate that non-fatal occupational injuries and illnesses decreased from 3.7 per 100 full-time worker equivalents (FTE) in 2012 to 3.0 in 2019 (U.S. Bureau of Labor Statistics 2013; U.S. Bureau of Labor Statistics 2020b). Previous studies have suggested that several factors may potentially be contributing to these declines, including the outsourcing of dangerous jobs to lower-income countries (Abdalla et al. 2017), increased mechanization (Issa et al. 2019), and the implementation of targeted safety regulations (Monforton and Windsor 2010). Additionally, several factors may affect occupational injury surveillance without changing the rate at which workers incur injuries, such as decreased injury reporting as a result of changing rates of unionization (Morse et al. 2003) or changes to health insurance access (Berdahl and Zodet 2010).

Although data suggest US occupational injury rates are declining, current literature describing trends in US all-industry occupational injuries is limited to annual descriptive statistics; inferential times-series analyses of national injury trends have largely been used only to assess the impact of safety interventions within single industries (Monforton and Windsor 2010) or trends in specific types of occupational injuries (e.g., non-fatal traumatic brain injuries; Konda et al., 2015). Likewise, studies using US occupational injury surveillance data regularly exclude the assessment of seasonality, a temporal pattern common in injury data. Thus, we aimed to use NEISS-Work, a nationally representative database of occupational injuries treated in US EDs, to assess temporal trends in ED-treated occupational injuries in the US from 2012 to 2019. The specific aims of this study were: (1) to report yearly national injury rate estimates, both overall and by injury event type, (2) to report seasonality of monthly injury rate estimates, both overall and by injury event type, and (3) to report inferential statistics on trends in occupational injury rates during the study period.

Methods
Data source
Non-fatal occupational injury data for the years 2012 through 2019 were obtained from NEISS-Work, a nationally representative database of non-fatal occupational injuries treated in US EDs. The National Institute for Occupational Safety and Health (NIOSH) obtains the data for NEISS-Work through an inter-agency agreement with the Consumer Product Safety Commission (CPSC), the agency responsible for collecting the NEISS-Work data. For the purposes of NEISS-Work, an occupational injury is defined as an injury for which an ED chart or other hospital record indicates that the injury involved a non-institutionalized civilian who was injured while working for pay or compensation of any kind, working on a farm, or volunteering for an organization (Marsh et al. 2016; Reichard and Marsh 2021).
The NEISS-Work data are collected through a probability sample of approximately 67 hospitals that report non-fatal data on occupational injuries seen in their EDs to the CPSC via coders trained to identify the work relatedness of occupational injury data based on extensive manual review of hospital admission information and ED chart inspection. NEISS-Work does not rely on International Statistical Classification of Diseases (ICD) codes or workers compensation billing status (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021a) to identify cases, although the latter may be used as part of the overall manual chart review case identification process. Participating hospitals are stratified based on annual number of ED visits. Hospitals must have a minimum of six beds and a 24-h ED for inclusion. Individual cases reported to NEISS-Work are weighted based on the inverse probability of the reporting hospital being included in the sample so that the estimates represent population total injuries for the US (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021a).
Data for 2012–2019 were chosen as this was the longest period for which data for injury event were all comparably coded to the same version (v 2.01) of the BLS Occupational Injury and Illness Classification System (OIICS). BLS OIICS codes are used to assign injury event and diagnosis codes in NEISS-Work using a narrative comment field developed by coders through review of ED chart and hospital admission data. Data for years prior to 2012 were coded based on the BLS OIICS v 1.01 (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021b). The shift from the BLS OIICS v 1.01 to v 2.01 in 2012 was considered a break in series. Furthermore, the 2019 data were the most recent data available at the time of analysis (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021a). Due to a series break that resulted in the exclusion of most illness cases starting with data from 2015, data for 2012–2014 were re-reviewed to ensure compatibility throughout the study period (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021a).

Statistical analysis
All data were stored on a secure drive accessible only to the study team. Statistical analyses were performed in Rstudio version 4.0.1 (Rstudio Team 2022). Using the NEISS-Work dataset, national ED-treated occupational injury count estimates were produced using the R packages “survey” and “srvyr” (Ellis et al. 2021; Lumley 2021) using the aforementioned NEISS-Work survey weights. ED-treated occupational injury count estimates were generated for all injuries and by injury event type, a categorical variable denoting the way an injury was incurred and is based on the aforementioned BLS OIICS v 2.01 classification system (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021b); all analyses were conducted both for total injury rate estimates and stratified by injury event type. ED-treated occupational injury rates were calculated per 10,000 FTE using Current Population Survey (CPS) estimates which were generated using NIOSH’s Employed Labor Force (ELF) query system; as NEISS-Work includes all work-related ED-treated injuries, FTE estimates were generated for all jobs (as opposed to “primary” or “secondary” jobs only) (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021c). Standard errors (SE) for FTE estimates were generated using generalized variance functions provided by BLS; standard errors were used to calculate monthly FTE variances by multiplying the square of the SE by corresponding ELF-generated monthly FTE estimates (i.e., the corresponding monthly sample size) (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021c). Variances of both numerator (injury count estimates) and denominator (FTE) data were used to calculate 95% confidence intervals (CI) for ED-treated occupational injury rate estimates based on Taylor series expansion (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021d) and were reported as injury rate estimates ± margin of error.
Seasonality of injury rate estimates was assessed by calculating seasonality indices per month. Seasonality indices were calculated by dividing the mean rate for each month by the mean monthly occupational injury rate for the entire dataset; seasonality indices of greater and less than one indicate higher than and lower than expected injury rates for a given month, respectively (Zhang et al. 2014).
To assess linear trends in injury rates over time, we fit a linear regression model to monthly injury rate estimates and adjusted for autocorrelation and serially correlated error terms using autoregressive integrated moving average (ARIMA) modeling. This analysis was conducted using both monthly total injury rate estimates and monthly estimates stratified by injury event type. In data violating the linear regression assumption of no autocorrelation, ARIMA models are used to control for serial correlation (e.g., seasonality) by including lagged dependent variable values and errors, including in studies of injury data (Box et al. 2016; Zhu et al. 2015). An ARIMA model takes the form ARIMA(p,d,q)(P,D,Q)m, where p is the order of autocorrelation, d is the number of differences applied to the data, q is the order of moving average terms, P, D, and Q are the seasonal versions of these terms, and m is the order of seasonality (e.g., 12 for annually seasonality in monthly data) (Hyndman and Athanasopoulos 2018a). ARIMA models were fit to monthly injury rates by examining autocorrelation and partial autocorrelation plots. A lagged regression estimate was included if it showed statistical significance (p < 0.05) and was necessary to control for serial correlation. Finally, significance of each model’s Ljung-Box Q statistic was observed to ensure proper model fit, with a non-significant value considered a properly fit model (Ljung and Box 1978). The conditional sum of squares method was used to estimate all models. To assess temporal trends, a trend regressor with slope of one was included in each ARIMA model as a covariate and reported with 95% CIs (Hyndman and Athanasopoulos 2018b). A total percent decrease in injury rates throughout the study period was estimated by multiplying this term by 96 (i.e., the total number of months in the study period) and calculating the percent difference from the model’s intercept; an analogous calculation using each trend parameter’s 95% CI was performed to determine each percent decrease’s 95% CI.


Results
Monthly estimates of occupational injuries treated in the US EDs with 95% confidence intervals are presented graphically in Fig. 1 (graphical representation of monthly estimates of injury rates by injury event type is available in Additional files 1, 2, 3, 4, 5, 6: Figs. S1–S6). Injuries were incurred at an average rate of 176.2 (95% CI =  ± 30.9) per 10,000 FTE during the study period (Table 1). Annual injuries were estimated at their highest rate in 2012 (188.4 ± 38.9 per 10,000 FTE) and their lowest in 2019 (156.8 ± 34.5 per 10,000 FTE). Injuries caused by contact with objects and equipment had the highest cause-specific rate during the study period (58.6 ± 0.4 per 10,000 FTE); followed by overexertion and other bodily reactions (48.5; ± 10.6 per 10,000 FTE); falls, slips, and trips (27.7 ± 4.8 per 10,000 FTE); exposure to harmful substances or environments (17.9 ± 3.9 per 10,000 FTE); and violence and other injuries by persons or animals (15.5 ± 3.5 per 10,000 FTE). Analyses of rates of monthly injuries caused by fires and explosions, as well as nonclassifiable sources, were not reported due to NEISS-Work sample size reporting standards (unreliably small numbers).[image: ]
Fig. 1Monthly injury rate estimates for occupational injuries treated in US EDs, 2012–2019. Numerator data (monthly ED-treated injury count estimates) are from the National Emergency Injury Surveillance System—Occupational Supplement (NEISS-Work) dataset and were produced using the R packages “survey” and “srvyr.” Denominator data (FTE) were obtained from the Current Population Survey (CPS) via the NIOSH Employed Labor Force querying system. Variances from both numerator and denominator data were used to calculate for injury rate 95% CI (represented here by red shading) using a Taylor series expansion. Blue line represents a linear trend parameter adjusted for seasonality using ARIMA modeling

Table 1Mean annual occupational injuries (per 10,000 FTE) treated in US emergency departments, by injury event typea


	Year
	All injuries
	Violence and other injuries by persons or animals
	Transportation incidents
	Falls, slips, and trips
	Exposure to harmful substances or environments
	Contact with objects and equipment
	Overexertion and other bodily reaction

	2012
	188.4 ± 38.9
	15.6 ± 4.7
	6.4 ± 1.5
	29.2 ± 6.0
	17.9 ± 3.7
	65.9 ± 14.0
	49.6 ± 11.8

	2013
	182.6 ± 38.4
	15.9 ± 4.8
	5.2 ± 1.2
	28.8 ± 5.6
	17.9 ± 3.9
	64.8 ± 14.4
	48.0 ± 11.9

	2014
	183.1 ± 35.6
	15.3 ± 3.9
	5.4 ± 1.2
	29.8 ± 5.8
	17.3 ± 3.9
	62.0 ± 12.8
	50.4 ± 11.6

	2015
	182.1 ± 48.4
	16.1 ± 4.3
	5.3 ± 1.4
	29.6 ± 8.3
	18.9 ± 6.2
	61.3 ± 16.0
	48.9 ± 14.9

	2016
	186.8 ± 47.8
	16.7 ± 4.4
	5.2 ± 1.2
	29.1 ± 7.9
	19.3 ± 6.1
	58.9 ± 14.3
	55.0 ± 17.1

	2017
	171.5 ± 31.2
	16.1 ± 3.6
	5.1 ± 1
	25.4 ± 4.6
	18.7 ± 4.4
	55.4 ± 10.1
	47.6 ± 10.8

	2018
	160.9 ± 34.2
	14.3 ± 3.5
	4.4 ± 1
	24.8 ± 5.1
	17.3 ± 5.0
	51.8 ± 10.0
	45.8 ± 12.5

	2019
	156.8 ± 34.5
	14.6 ± 3.3
	5.0 ± 1.1
	25.3 ± 5.4
	16.1 ± 4.4
	50.4 ± 10.5
	43.1 ± 12.4

	Total
	176.2 ± 30.9
	15.5 ± 3.5
	5.2 ± 0.9
	27.7 ± 4.8
	17.9 ± 3.9
	58.6 ± 10.4
	48.5 ± 10.6


aNumerator data (monthly ED-treated injury count estimates) are from the National Electronic Injury Surveillance System—Occupational Supplement (NEISS-Work) dataset and were produced using the R packages “survey” and “srvyr.” Denominator data (FTE) were obtained from the Current Population Survey (CPS) via the NIOSH Employed Labor Force query system. Variances from both numerator and denominator data were used to calculate 95% CIs using a Taylor series expansion, which is reported as each injury rate estimate ± margin of error. Injury event type definitions are based on the Bureau of Labor Statistics Occupational Injury and Illness Classification System, version 2.01



Rates varied widely by month and seasonality indices for total injury rates were greatest in July (1.15) and lowest in February (0.87) (Table 2). With the exception of falls, slips, and trips, all other injury event types showed similar seasonality (lowest seasonality index in February, highest in July or August), including injuries caused by violence (February = 0.82; July = 1.18), transportation incidents (February = 0.87; July = 1.18), exposure to harmful substances (February = 0.81; August = 1.45), and overexertion (February = 0.86; August = 1.10). Falls, slips, and trips were the only injury event type to have greatest seasonality index in a winter month with highest and second highest seasonality indices occurring in January (1.17) and February (1.16), respectively; a second peak in falls, slips, and trips occurred the summer (July = 1.04; August = 1.03). Injuries caused by falls, slips, and trips occurred at their lowest rate in April with a seasonality index of 0.85.Table 2Seasonality indicesa of occupational injuries (per 10,000 FTE) treated in US emergency departments by injury event typeb


	Month
	All injuries
	Violence and other injuries by persons or animals
	Transportation incidents
	Falls, slips, and trips
	Exposure to harmful substances or environments
	Contact with objects and equipment
	Overexertion and other bodily reaction

	January
	0.93
	0.87
	0.94
	1.17
	0.82
	0.88
	0.91

	February
	0.87
	0.82
	0.87
	1.09
	0.81
	0.81
	0.86

	March
	0.97
	0.95
	0.93
	1.00
	0.87
	0.96
	1.01

	April
	0.96
	1.02
	0.92
	0.85
	0.89
	0.96
	1.02

	May
	1.03
	1.08
	1.02
	0.97
	1.03
	1.06
	1.02

	June
	1.07
	1.06
	1.10
	0.98
	1.15
	1.13
	1.04

	July
	1.15
	1.18
	1.15
	1.04
	1.45
	1.16
	1.08

	August
	1.13
	1.10
	1.03
	1.03
	1.31
	1.17
	1.10

	September
	1.02
	1.06
	1.06
	0.95
	1.05
	1.05
	1.01

	October
	1.04
	1.04
	1.04
	0.99
	0.94
	1.08
	1.05

	November
	0.94
	0.94
	0.99
	0.94
	0.88
	0.91
	0.97

	December
	0.89
	0.88
	0.94
	0.99
	0.82
	0.84
	0.92


aCalculated by dividing the mean rate for each month by the mean monthly occupational injury rate for the entire dataset
bNumerator data (monthly ED-treated injury count estimates) are from the National Emergency Injury Surveillance System—Occupational Supplement (NEISS-Work) dataset and were produced using the R packages “survey” and “srvyr.” Denominator data (FTE) were obtained from the Current Population Survey (CPS) via NIOSH Employed Labor Force querying system. Injury event type definitions are based on the Bureau of Labor Statistics Occupational Injury and Illness Classification System version 2.01



Table 3 presents trend analysis of injury rate estimates, both by month and by month and injury event type, as well as the ARIMA structure used to control for serial data correlation (e.g., seasonality) in each model. Total injury rates in January 2012 were estimated to be 191.8 per 10,000 FTE, as denoted by the model’s intercept. Total injury rate estimates decreased at a rate of − 0.37 (95% CI =  ± 0.29) per month and were estimated to be 156.3 per 10,000 FTE by the end of the study period (December 2019), resulting in an overall decrease of 18.5% (95% CI =  ± 14.5%). Stratifying the data by month and injury event type, significant decreases were detected in monthly rates of injuries associated with contact with foreign objects and equipment (− 26.9%; 95% CI =  ± 10.5%); transportation incidents (− 23.2%; 95% CI =  ± 14.7%); and falls, slips, and trips (− 18.1%; 95% CI =  ± 8.9%). Monthly rates of injuries for some injury event types, including those associated with violence; exposure to harmful substances; and overexertion and bodily reaction, showed non-significant decreases.Table 3Trend analysis of monthly ED-treated occupational injury rates estimates per 10,000, 2012–2019a


	Injury type
	ARIMA structureb
	Intercept
	Trend parameter (± 95% CI)
	Percent decrease, 2012–2019 (± 95% CI)c

	All injuries
	(1,0,2)(1,0,0)12
	191.8
	− 0.37 (± 0.29)
	− 18.5% (± 14.5%)

	Violence
	(1,0,0)(1,0,0)12
	15.9
	− 0.01 (± 0.03)
	− 6.2% (± 14.9%)

	Transportation incidents
	(1,0,0)(0,0,0)12
	5.9
	− 0.01 (± 0.01)
	− 23.2% (± 14.7%)

	Falls, slips, and trips
	(0,0,0)(1,0,0)12
	30.9
	− 0.06 (± 0.03)
	− 18.1% (± 8.9%)

	Exposure to harmful substances
	(1,0,0)(1,0,0)12
	18.4
	− 0.02 (± 0.05)
	− 9.3% (± 24.9%)

	Contact with foreign objects and equipment
	(1,0,3)(1,0,1)12
	68.1
	− 0.19 (± 0.08)
	− 26.9% (± 10.5%)

	Overexertion and bodily reaction
	(1,0,0)(1,0,0)12
	51.3
	− 0.06 (± 0.09)
	− 12.6% (± 16.3%)


Significant values bolded
aNumerator data (monthly ED-treated injury count estimates) are from the National Emergency Injury Surveillance System—Occupational Supplement (NEISS-Work) dataset and were produced using the R packages “survey” and “srvyr.” Denominator data (FTE) were obtained from the Current Population Survey (CPS) via NIOSH Employed Labor Force querying system. Injury event type definitions are based on the Bureau of Labor Statistics Occupational Injury and Illness Classification System version 2.01
bAn ARIMA(p,d,q)(P,D,Q)m structure was used to control for serial correlation (e.g., seasonality) in monthly injury rate data, where p is the order of autocorrelation, d is the number of differences applied to the data, q is the order of moving average terms, P,D, and Q are the seasonal versions of these terms, and m is the order of seasonality (e.g., 12 for annually seasonality in monthly data). A linear trend parameter was used to measure overall decreases
cCalculated by multiplying each model’s trend parameter and 95% CI by 96 (i.e., the total number of months in the study period) and calculating percent difference from the model’s intercept; significant decreases are bolded




Discussion
Using the NEISS-Work dataset, one of the primary workplace injury surveillance programs in the US, we analyzed rates of occupational injuries treated in US EDs from 2012 to 2019. We found that injury rates during the study period were greatest in 2012 (188.4 ± 38.9 per 10,000 FTE) and lowest in 2019 (156.8 ± 34.5 per 10,000). ED-treated injuries displayed a marked seasonal pattern, with seasonality indices at their greatest in summer months (July or August) and lowest during winter months (December, January, or February). Seasonality indices for rates stratified by injury event type followed a similar pattern, apart from falls, slips, and trips, which had a peak seasonality index in January. Additionally, we observed a decrease in estimated rates of occupational injuries treated in US EDs of 18.5% (95% =  ± 14.5%) throughout the study period.
The BLS SOII, another major US occupational injury surveillance program, also reported a decrease in occupational injury rates throughout our study period. However, SOII recorded annual injury rates of 3.7 and 3.0 per 100 FTE for 2012 and 2019, respectively, nearly double the rates estimated in our study for those years (U.S. Bureau of Labor Statistics 2013; U.S. Bureau of Labor Statistics 2020b) (Table 1). A discrepancy in occupational injury rates between these two datasets has been noted in previous literature and is likely because NEISS-Work primarily captures injuries severe enough to require ED treatment, a fraction of the total number of injuries incurred in the US (Chen 2009). In contrast, SOII captures any injury in its sample reported by an employer in accordance with OSHA recordkeeping guidelines (National Academy of Sciences 2018; Council of State and Territorial Epidemiologists 2021). As NEISS-Work and SOII have different mechanisms for capturing injuries, the fact that they both display a decrease from 2012 to 2019 strengthens evidence that US non-fatal occupational injury rates have decreased during this period.
To the authors’ knowledge, no study has used workers’ compensation data to estimate trends in national occupational injury rates throughout our study period; this is expected as the US does not have a national workers’ compensation system. However, state-level workers’ compensation studies, such as one study from Ohio for 2007–2017, also note state-wide decreases in injury rates throughout our study period (Wurzelbacher et al. 2021). Additionally, previous literature has noted differences in occupational injury rate estimates generated via ED-based and workers’ compensation data, with one study finding that occupational concussion injury rates in Kentucky measured via ED data (21.7 per 100,000 employed civilians) were higher than those reported by workers compensation (11.7 per 100,000; Slavova and Bunn 2015). This same study found that the estimated rate of injuries was highest when using linked ED, hospital discharge, and workers’ compensation data (31.8 per 100,000), implying that each surveillance system has inherent strengths in capturing occupational injuries.
We noted a seasonal pattern in which injury rate estimates were greatest in a summer month (July or August) and lowest in a winter month (December, January, or February) which has been attributed in other studies to increased heat and humidity, as well as an influx of temporary workers and increased construction during summer months (Oleske and Hahn 1992; Taylor et al. 2002). A similar pattern of seasonality has been noted in previous occupational injury literature. For example, Peirce calculated seasonality indices of occupational injury rates using 2003–2010 SOII data and found that injuries peaked in seasonality in July at an index of 1.12, similar to our peak index of 1.15 in the same month for total injury rates (Pierce 2013). However, Peirce’s indices were lowest in December (seasonality index = 0.86) compared to February (seasonality index = 0.87) in our study, which they suggest may be influenced by lower end-of-year reporting in SOII. Categorized by injury event type, injury rate estimates in our study followed a similar seasonality pattern except for falls, slips, and trips, which peaked in January (seasonality index = 1.17). An increased rate of fall and slip injuries in winter months, or in association with cold weather, has been noted in previous literature. For example, studies of the mining industry have found an inverse relationship between temperature and incidence of fall and slip injuries (Bell et al. 2000; Hassi et al. 2000). This association is likely influenced by workers’ frequent contact with snow or icy surfaces during winter months (Chang et al. 2016), a hypothesis supported by Bentley and Haslam’s finding that the majority of slip injuries in a sample of mail delivery workers involved snow or ice (Bentley and Haslam 2001). Furthermore, survey data from Bentley and Haslam’s study indicate that 90% of mail delivery workers consider contact with slick surfaces to be a major contributing factor to occupational fall and slip injuries.

Several factors have likely influenced recent declines in US occupational injury rates, including reducing hazardous jobs and increased safety practices. Studies suggest that ergonomic interventions (Fathallah et al. 2008; National Research Council and Institute of Medicine Panel on Musculoskeletal Disorders and the Workplace 2001) and increasingly mechanized workplaces (Issa et al. 2019) have resulted in fewer jobsite hazards. One example of such a shift is within the logging industry, which regularly experiences injury rates far beyond the US all-industry average (Janocha and Hopler 2018; Myers et al. 1998). As this industry has seen the introduction of mechanized timber harvesting in recent decades, studies show that logging companies have experienced significant decreases in injury rates after transitioning from manual (i.e., non-mechanized, chainsaw-based) to mechanized timber harvesting (Bell 2002). Similarly, increases in occupational automation have further removed workers from the physical production process and made several workplaces safer (Autor 2015; Leso et al. 2018). In fact, one study found that for every standard deviation increase in workplace automation, occupational injuries decrease 1.2 per 100 workers (Gihleb et al. 2022). Another potential contributor to decreasing US occupational injury rates is increased globalization (Hämäläinen 2009), defined within an occupational health context as “…the transfer of manufacturing from Established Economic Markets (US and European Community as defined by the World Bank) to ‘developing’ economic markets” (Schulze 2007). As laborious, high-risk manufacturing jobs are transferred to developing nations, an unintended consequence is that workers in higher income countries must find lower-risk employment (Abdalla et al. 2017). This can be seen in changing US manufacturing industry employment rates, which decreased 4.5% from 2012 to 2019 (the period analyzed in this study) (U.S. Bureau of Labor Statistics 2022a). Employment rates in some other goods-producing sectors, which have higher rates of occupational injuries relative to other sectors (U.S. Bureau of Labor Statistics 2020b), have also decreased (e.g., logging and mining employment rates decreased 31.2% for 2012–2019).
These and other employment trends may have influenced our stratified analysis, which noted significant decreases in the rate of injuries associated with certain injury event types but not others (Table 3). For example, injuries due to contact with foreign objects and equipment decreased 26.9% during our study period, more than any other injury event type. Nationally, approximately 20% of occupational injuries due to contact with objects and equipment are incurred in the manufacturing industry (National Safety Council 2023); as noted previously, manufacturing employment rates decreased throughout our study period (U.S. Bureau of Labor Statistics 2022a). In contrast, violence injuries decreased at the lowest rate of any injury event type throughout our study period and this decrease was not significant (− 6.2% (± 14.9%)). As the majority (76%) of workplace violence injuries requiring days away from work are incurred by workers in the health care and social assistance industries (National Institute for Occupational Safety and Health 2022), this finding may have been influenced by increasing employment in these industries throughout our study period (12.9–13.5% from 2012 to 2019, respectively) (U.S. Bureau of Labor Statistics 2022b). While these examples represent plausible associations, we cannot definitively conclude a relationship between employment in a single industry and the trends reported in our study as NEISS-Work did not include detailed industry information for the entire study period.

Some factors may have affected the proportion of occupational injuries captured by the ED-based NEISS-Work without influencing the actual number of injuries incurred by US workers. For example, the annual number of self-employed workers increased 6.4% during our study period (U.S. Bureau of Labor Statistics 2020c). US self-employed workers have been noted to have an increased risk of occupational injury (Bunn et al. 2006) yet are not required to have health insurance or workers compensation benefits which may make them less likely to seek medical care; data suggest that the proportion of US self-employed workers lacking health insurance increased throughout our study period (Rothwell and Harlan 2019). Moreover, evidence suggests that NEISS-Work underestimates the number of occupational injuries incurred by self-employed US workers, possibly because they lack health insurance (Bhandari et al. 2016). It may also be the case that more injured workers over time are seeking treatment in non-ED settings. There was an increase of more than 37% in the number of urgent care centers in the US from 2013 to 2019 (Urgent Care Association 2019), which offer significantly less-expensive treatment than US EDs (Ho et al. 2017). Thus, workers lacking access to health insurance and workers compensation may seek care in urgent care centers for minor and non-life-threatening injuries; workers may also be seeking urgent care as opposed to ED treatment given the latter’s convenience and significantly longer wait times (Khairat et al. 2021). Finally, decreasing unionization rates may have had an influence on occupational injury reporting; data from the US Bureau of Labor Statistics show that the total, all-industry unionization rate decreased from 11.3 to 10.3% throughout the study period. Previous literature suggests differential reporting of injuries by union status, with non-unionized workers being less likely to report (Altassan et al. 2018; Morse et al. 2003; Robinson and Smallman 2006). Extant literature also indicates that non-unionized workers are less likely to have health insurance than those that are unionized (U.S. Bureau of Labor Statistics, 2019) and may therefore be less likely to seek treatment than unionized workers.
This study has several strengths. One strength is that it examines all ED-treated injuries, not just those required to be reported to the BLS. The NEISS-Work dataset captures occupational injury data regardless of industry and its definition of work includes the self-employed and farm workers, giving it a wider capture of work-related injuries compared to employer-reported datasets, such as the BLS SOII. Additionally, NEISS-Work does not require an injury to be billed to workers’ compensation to be included. This is a crucial strength of this dataset as a large proportion of ED-treated occupational injuries are not billed to workers’ compensation (Groenewold and Baron 2013). Finally, to the authors’ knowledge, this is the first study to use inferential time-series techniques to quantify trends in national, all-industry monthly occupational injury data in the US for the period assessed. Specifically, ARIMA modeling, which allows for the analysis of monthly occupational injury data, is an improvement over previous methods used to measure trends in national ED-treated injury data, such as negative binomial regression (Tiesman et al. 2018), which generally cannot account for seasonality. However, other studies have used extensions of ARIMA modeling, such as interrupted time-series (ITS) analysis, to assess the impact of occupational safety and health, such as US Mine Safety and Health Administration regulations (Monforton and Windsor 2010), drugfree workplace interventions (Wickizer et al. 2004), and the influence of a crash prevention program in a large law enforcement agency (Tiesman et al. 2019); ITS analysis may allow future studies to assess the impact of interventions with potential to influence national ED-treated occupational injury rates (e.g., implementation of occupational health and safety policies, changes in workers’ access to health insurance, etc.) were one to be identified.
This study also has several inherent limitations. First, NEISS-Work collects occupational injury data using a probability-based survey sample design. Thus, national occupational injury estimates generated using NEISS-Work are based on a subset of US hospital EDs and include sampling error. ARIMA modeling assumes homoscedasticity of sample variances and is incapable of incorporating any error intrinsic to the NEISS-Work sampling design; incorporating survey design error within our ARIMA model, if possible, would likely increase the width of the confidence intervals presented in Table 3. Despite this, sample variances of injury rate estimates were generally comparable across the study period (Fig. 1), suggesting this limitation likely did not compromise the internal validity of study findings. Second, NEISS-Work only captures injuries treated in a subset of US EDs and do not reflect any change in injury rates due to injuries treated in any other setting. Third, these findings should be discussed only in reference to national, all-industry occupational injury rates, not in any subnational or industry-specific context. Finally, these data do not indicate the severity of the injuries included in NEISS-Work and it is possible that many of the injuries included for analysis were relatively minor; the literature indicates that nearly 90% of US ED-treated injuries are not severe (Villaveces et al. 2013) and most injuries reported to NEISS-Work do not require hospital admission (Konda et al. 2015; Lipscomb et al. 2010; Reichard et al. 2015). As NEISS-Work contains data on whether a patient was hospitalized/transferred after treatment (National Institute for Occupational Safety and Health (NIOSH) Division of Safety Research 2021a), future studies should investigate if hospitalization rates of US ED-treated occupational injuries have changed in recent years. Additionally, as was reported, rates of injuries decreased significantly for some injury event types and not others. Thus, future research should also investigate factors potentially influencing these findings, including injury rate trends by industry and demographic factors.


Conclusion
To our knowledge, this is the first study to assess temporal trends in a nationally representative dataset of occupational injuries treated in US EDs from 2012 to 2019. We found that annual injury rate estimates were greatest in 2012 and lowest in 2019. Additionally, we provided quantifiable measures of trends in occupational injuries during the study period; previously, only descriptive annual statistics were available to assess trends in such data. Future research should assess the influence of potential mechanisms, such as injury underreporting or shifts in employment, that may have contributed to the trends observed in this study.
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