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Introduction: Occupational injuries have been associated with increased suicide mortality, but 

prior studies have not accounted for pre-injury depression.

Methods: We linked injuries that occurred from 1994 to 2000 in the Washington State workers′ 
compensation system with Social Security Administration data on earnings and mortality through 

2018. We estimated the subdistribution hazard ratio (sHR) and 95% confidence interval using 

competing risks regression of suicide deaths with lost time compared with medical-only injuries 

separately for men and women, adjusting for age, pre-injury annual earnings, and industry. We 

further adjusted for pre-injury diagnosis of major depressive disorder by using a quantitative bias 

analysis (QBA), with the prevalence of this disorder in workers derived from an external health 

insurance claims data set.

Results: Elevated suicide mortality was observed following lost-time injuries compared with 

medical-only injuries for men (sHR = 1.49, 95% CI [1.14, 1.93]) and women (sHR = 1.30, 

95% CI [1.00, 1.69]), adjusting for age, pre-injury earnings, and industry. Adjusted for pre-injury 

depression using a QBA, elevated suicide risk in men remained statistically significant (median 

sHR = 1.33, simulation interval [1.18, 1.47]) but not for women.

Discussion: Workplace injury requiring time off work appeared to remain influential in 

increasing suicide risk among men, even after controlling for pre-injury depression. The 

relationship between mental health before and after occupational injury is complex and studies 

should better integrate mental health pre-injury.

Conclusions: Though many questions remain on the complex relationship between work, 

depression, injuries, and suicide, employers should work to prevent injuries and consider 

implementing mental health programs, which could be helpful in reducing suicide risk.

1 | Introduction

The Surgeon General of the US issued a call to action on suicide prevention in 2021 [1], 

though the unfortunate increase in the United States has continued as the number of suicides 

in 2022 was the highest ever recorded [2]. There is a need to understand the full range 

of factors that contribute to suicide risk, and how the workplace may influence suicide 

mortality has not been fully explored.

Workplace injuries can have significant consequences for individuals, including loss of 

income [3–5] and job insecurity [6]. Moreover, nonfatal workplace injuries may lead to 

permanent disability [7, 8], poorer quality of life [9], and elevated long-term mortality 

[10–14]. Injured workers may be at increased risk for subsequent depression, though it is 

uncertain if this may differ by gender [15–18].

In particular, nonfatal workplace injuries have been associated with increased risk of suicide, 

and studies in the United States have begun to examine this relationship by gender. For 

example, in a study based in New Mexico, we reported that, for both men and women, those 

with lost-time injuries, which is compensation for an injury, generally defined as workers’ 

compensation payment for time off of work in addition to reimbursement for medical 

expenses, were at increased risk of suicide relative to those whose compensation was for 

medical expenses alone [19]. A study in West Virginia detected an elevated standardized 
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mortality ratio for suicide for men who experienced lost-time lower back injuries compared 

with the general population, while no association was detected for women [14].

Analyses conducted outside of the US also support a relationship between experiencing 

a work injury and subsequent suicide. In Korea, both men and women who received 

compensation for a work injury had a higher suicide risk compared with the general 

population. In Taiwan, compensation for a permanent occupational disability of the upper 

or lower extremities was associated with suicide, though this study did not present results 

separately by gender [20]. However, countries outside of the US may experience different 

background injury rates at work than the US, so more studies in the United States, 

specifically, are needed.

Another challenge in prior studies of workplace injury and suicide was that the data sources 

typically were missing information on potential confounding variables, such as pre-injury 

depression. In earlier analyses of overall mortality following workplace injury (comparing 

those with lost-time to those with medical-only injuries), we used a quantitative bias analysis 

(QBA) to adjust for missing pre-injury confounders for general health [21, 22]. In the 

present analysis, we similarly applied a QBA, this time to control for pre-injury major 

depression in our investigation of workplace injury and suicide mortality. Our objective was 

to estimate the risk of suicide mortality among workers who experienced lost-time injuries 

relative to workers who experienced medical-only injuries in Washington State, after using 

external data for pre-injury depression. We present results separately for men and women.

2 | Methods

2.1 | Washington State Workers’ Compensation Data

We used the same methods for identifying injured workers and assessing follow-up mortality 

as described in earlier studies [13, 19, 22]. The Washington State Department of Labor and 

Industries provided workers’ compensation data, including worker, employer, injury, and 

benefit characteristics. Our study population consisted of workers aged 15–80 years old who 

received workers’ compensation benefits for injuries occurring from 1994 through 2000. 

This study population was chosen to allow for a long follow-up period and for comparability 

with previous research.

Injured workers in Washington who experienced > 3 days off work or experienced a 

permanent disability received cash benefits for lost earnings in addition to full coverage 

for medical expenses. For the present study, we defined these workers as our exposed group, 

which we refer to as the “lost-time” injured. The comparison group was “medical-only” 

injured workers who experienced 3 or fewer days lost from work. Workers with medical-

only injuries received reimbursement for medical expenses but they did not receive lost 

earnings. For workers with one or more injuries in the study period, our analysis used the 

first injury. We excluded from the sample workers whose injuries were classified as fatal 

[22].
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2.2 | Mortality Data

We linked the workers’ compensation data and social security earnings and mortality data 

through December 31, 2018, based on name, date of birth, sex, and social security number, 

successfully linking more than 95% of the total sample [22]. In addition, we used the 

Social Security Administration’s (SSA’s) Vital Status System (the internal staff version 

of SSA Service to Epidemiological Researchers) to categorize vital status as dead, alive, 

and unknown and to determine the date of death [23]. Our primary data set consisted of 

an exposed group of 236,905 persons with lost-time injuries and a nonexposed group of 

496,694 persons with medical-only injuries.

As we previously reported [21], it was cost-prohibitive to match our complete study sample 

to the National Death Index (NDI) for the full observation period. Therefore, we took 

stratified random samples of injured workers within SSA vital status categories (e.g., SSA 

classified as alive, unknown, or dead) and linked them with the NDI, which addressed two 

issues. First, having results on whether alive/dead for both SSA and NDI data allowed us 

to confirm the SSA vital status as of December 2018 for the alive, unknown, and death 

cases. We were able to link 97.5% of a random sample of 17,000 deaths, stratified by gender 

and by lost-time versus medical-only and classified as dead by the SSA. We also sent 1600 

workers identified by SSA as alive or having unknown vital status to test the reliability of 

the SSA status. Only 0.7% of 600 workers classified as having unknown vital status and 

none of 1000 workers classified as alive by the SSA were identified as deceased in the NDI 

data. This led us to treat as alive all observations classified as unknown or alive by the 

SSA. Our analysis sample consists of these observations combined with sampled unknown 

and alive observations validated as alive by NDI and the 16,571 (of 17,000) observations 

considered dead by both the SSA and NDI. The final data set has 669,689 individuals 

which, when weighted by the inverse of their sampling probabilities, represents 733,599 

injured workers. The second issue the NDI link allowed us to address was the cause of 

death. The SSA data do not include the cause of death, which could only be obtained from 

NDI. This study focuses on suicide mortality, which we categorized using the International 

Classification of Diseases (ICD) codes for self-harm: ICD10: U03, X60–X84, Y87.0, and 

Y10–Y33; ICD9: E950–E959, and E9800–E9899.

2.3 | External Data Set for Pre-Injury Depression of Injured Workers

We do not know pre-injury depression status for workers in our Washington State data set. 

Had pre-injury major depression been available in the data, we would have adjusted for it 

directly in our regression models. In the absence of that data, we turned to use QBA, which 

is a set of methods that relates the observed data to what the results would have been had 

a potential source of bias, in this case, unmeasured pre-injury major depression, not been 

absent [24].

To assess the association between occupational injury (lost-time vs. medical-only injury) 

and suicide mortality adjusted for potential confounding by pre-injury major depression, 

we needed two pieces of information for the QBA: an estimate of the association between 

pre-existing major depression and death from suicide and a measure of the impact of 

major depression on injury. There was not an appropriate external data set that provided 
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both of these estimates, an issue we encountered in a prior QBA and addressed by using 

appropriate estimates from two separate external sources [22]. In the present analysis, we 

applied a similar approach of using two external sources. For estimates of the association 

between major depression and death from suicide by gender, we obtained estimates from a 

meta-analysis covering studies from 1994 through 2018 that estimated the relative risk of 

suicide mortality among those with pre-existing major depression (described in section 2.4).

Prior publications did not provide the information we would need for a QBA. Necessary 

estimates of prevalence of clinically diagnosed major depression among those with workers’ 

compensation lost-time and medical-only injuries were unavailable because depression was 

not clinically diagnosed, the injuries were not in the workplace [25, 26], or the injuries 

may not have been severe enough to be representative of a lost-time injury [17]. Given 

the difficulty of applying results from published studies, we found a microdata resource 

that would allow us to estimate this relationship for both men and women. We used the 

Merative MarketScan Research Commercial Claims and Encounters (CCAE) and Health 

and Productivity Management (HPM) databases to determine the prevalence of pre-injury 

major depression among men and among women with lost-time and medical-only injuries. 

The Merative MarketScan databases have been constructed and maintained by IBM from 

over 250 medium and large employers and health plans throughout the US. The data were 

fully compliant with the Health Insurance Portability and Accountability Act (HIPAA), and 

no Institutional Review Board approval was necessary because individual patients were not 

identifiable within the data [27]. The CCAE database had several data files that included 

medical diagnosis codes (International Classification of Diseases, 9th Revision, or ICD-9 

codes). The HPM database contained workers’ compensation information including the date 

of injury and medical and indemnity payments. In this MarketScan study, we used the 

2004–2010 CCAE and HPM data, which were close to the dates of injury in our Washington 

State data, to identify those who experienced workplace lost-time injuries or medical-only 

injuries. To determine the prevalence of depression, we examined whether injured workers 

had a major depressive disorder in the 12 months before injury. We considered the following 

ICD-9 codes to measure major depression: 296.20–296.29 and 296.30–296.39. Below, we 

provide more detail about how these were used for the QBA.

2.4 | Statistical Analysis

We examined summary statistics for workers in the Washington State analysis data set. 

We generated percentages at baseline, weighted by inverse sampling probabilities, for the 

distribution of age at injury, pre-injury annual earnings, and industry for workers with 

lost-time injuries and medical-only injuries, separately for men and women.

We determined the duration of follow-up for each worker, with follow-up beginning at 

the date of injury and continuing until the date of death or December 31, 2018 (the end 

of follow-up), whichever occurred first. We calculated the median years of follow-up and 

interquartile range (IQR) by injury type (lost-time, medical-only) and gender. We also 

calculated the number of suicide deaths (and percentage) observed in each combined injury 

type and gender category.
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For this analysis, we have competing risks of death. In other words, workers could die 

of another cause before a potential suicide. In this situation, the Kaplan–Meier estimator 

for standard survival analysis is inappropriate because it assumes the marginal probability 

of the outcome of interest is independent of any competing cause of death and leads to 

biased estimates for the marginal probabilities of cause-specific mortality. Therefore, we 

use an alternative approach, Fine and Gray competing risks regression [28]. This approach 

models a subdistribution hazard, which is derived from modeling the effects of covariates 

on a cumulative incidence function (CIF). The CIF estimates the probability of death as 

a function of its cause-specific probability and overall survival probability. For the present 

analysis, we estimated subdistribution hazard ratios (sHRs) and 95% confidence intervals 

(CIs) for the association between lost-time injuries and suicide. This approach estimates 

the hazard of an event due to a specific underlying cause after accounting for previously 

occurring deaths from all other causes.

Separate estimates were generated for men and women, controlling for earnings category 

and industry at baseline. We stratified by age category to account for non-proportional 

hazards by age. We weighted all analyses by inverse sampling probabilities.

We first estimated the association between pre-injury major depression and medical-only 

and lost-time injuries categories in the external MarketScan data set. We conducted a 

probabilistic QBA [24] in which we adjusted the observed Washington data to account for 

an unmeasured confounder, pre-injury major depression. QBA is a set of methods which 

relates the observed data to what the results would have been had a key source of bias, 

in this case pre-injury major depression, not been absent. Had this potential confounder 

been available in the Washington State data, we would have adjusted for it directly in our 

regression models. Instead, to simulate the unmeasured confounder, we required three pieces 

of information for the bias parameters: (1) the strength of the effect of pre-injury major 

depression on suicide mortality; (2) the estimated prevalence of pre-injury major depression 

among those with lost-time injuries; (3) the estimated prevalence of pre-injury major 

depression among those with medical-only injuries. With these three pieces of information, 

we could then simulate a 2 × 2 table relating lost-time injury to suicide mortality stratified 

by pre-injury depression. We used this 2 × 2 table to calculate the probability of having 

the unmeasured confounder within levels of lost-time injury and mortality. We then used 

these probabilities to simulate the unmeasured confounder in our Washington data set by 

conducting a Bernoulli trial for each person in the data set with a probability of returning a 

1 equal to the probability calculated in the previous step, contingent on the lost-time injury 

and mortality status. For the QBA, we modified the SAS QBA program in Fox et al. [29] to 

apply to competing risks regression.

The first piece of information needed for the QBA, the association between pre-injury 

major depression and suicide, we obtained from a published meta-analysis. Moitra et al. 

[30] reported relative risks of 7.78 (95% CI 4.34, 13.93) for men and 7.51 (95% CI 

4.18, 13.51) for women for the association of major depression and suicide mortality. We 

used these estimates to simulate the suicide mortality relative risk for major depression 

in the QBA. The next two pieces of information for the QBA, prevalence of pre-injury 

major depression among those with lost-time injuries and with medical-only injuries, came 
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from the MarketScan data. We identified 68,291 men and 31,243 women who experienced 

lost-time or medical-only injuries. Lost-time injured workers differed from medical-only 

injured workers by gender, age, and industry in the MarketScan data. We used one-to-one 

nearest-neighbor propensity score matching on age, industry, and year of injury, without 

replacement to match medical-only to lost-time cases within gender. This gives us a similar 

distribution of confounders for both injury groups for the prevalence of major depressive 

disorder. Our propensity-score-adjusted estimates of the probability of pre-injury major 

depression are described in the Results.

The values we used in the QBA were themselves measured with random error and may not 

perfectly apply to our population. Instead of conducting a single (simple) bias analysis, we 

put distributions around the bias parameters to represent our uncertainty in the estimation 

of the parameters. For our base QBA, we used beta distributions with mean pre-injury 

major depression percentages derived from the MarketScan estimates. We used trapezoidal 

distributions to approximate the mortality relative risks from the Moitra et al. meta-analysis.

Having specified the distributions for the bias parameters, we then conducted a probabilistic 

bias analysis using Monte–Carlo simulations to repeatedly sample from the estimated 

bias parameter distributions. We generated 10,000 simulations of pre-injury depression 

prevalence and then calculated sHRs for the association between lost-time injury and 

mortality adjusted for simulated pre-injury depression and measured covariates (age, 

earnings, and industry). Running many iterations of QBA regressions allows us to obtain 

a distribution of adjusted hazard estimates. With available computing resources, it would 

have taken several weeks to run 10,000 QBA iterations on SSA mainframe computers, with 

the risk of losing our work if the computer was shut down for activities such as routine 

maintenance. Therefore, to reduce the time to run the QBA, we randomly sampled 25,000 

each of the four groups with alive or unknown status (women medical-only, women lost-

time, men medical-only, and men lost-time). Thus, the data set used in the QBA consisted 

of 100,000 living and 16,571 dead injured workers, which, when weighted by the inverse 

of their sampling probabilities, represents 653,762 living and 79,837 dead injured workers. 

We summarized this distribution using the median as a point estimate and the 2.5th to 97.5th 

percentile of the distribution as a 95% simulation interval to compare to our conventional 

analysis and 95% CI.

We then analyzed the sensitivity of our results to the major pre-injury depression estimates 

from the MarketScan data. We repeated the QBA, doubling these major depression 

prevalence estimates. We used Stata 16 for the study sample descriptive statistics and the 

MarketScan estimates of pre-injury major depression. We used SAS 9.4 for the survival 

analysis, including the QBA.

Though the primary objective of the present research was to compare the risk of suicide 

mortality for those with lost-time injuries to those with medical-only injuries after adjusting 

for pre-injury depression, we were also interested in understanding more about the pattern 

of suicide within characteristics of age, earnings, and industry, including which groups 

exhibited the greatest risk. In addition, we wanted our analyses to be informative and easily 

compared with other study populations. Therefore, we generated incidence rates within 
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categories of the three characteristics (age, industry, pre-injury earnings). Neighboring 

categories of age and earnings were collapsed to allow for sufficient case numbers when 

estimates between categories were similar. We also generated sHRs and 95% CIs, both 

crude and adjusted, using the youngest age category and the highest income category as 

the reference. For industry, men and women exhibited different risks of suicide by industry 

and therefore, we chose the industry that would serve as the reference category within 

gender based on having enough cases and person-time and having a relatively low rate of 

suicide. For men, Nondurable Manufacturing was the reference group and for women, the 

reference group was Law, Education, and Social Services. Lastly, looking within strata of 

age, pre-injury earnings, or industry (covariates available in the data), we generated the 

sHRs and 95% CIs to estimate the association between lost-time injury and suicide within 

each stratum. We describe the results for industry strata in the Results section. The rest is in 

the Supporting Information Material.

3 | Results

The distribution of characteristics at baseline for the Washington State workers’ 

compensation data is provided in Table 1. Those with lost-time injury tended to be older 

than those with medical-only injury, a pattern observed for both men and women. The 

percentage of pre-injury annual earnings less than $10,000 was higher in the medical-only 

injury category, for both men and women. Transportation made up a higher percentage of the 

lost-time injury than medical-only injury for both men and women. The most represented 

industries among men, regardless of type of workers’ compensation were Construction, 

Retail, Durable and Nondurable Manufacturing, and Transportation. Among women, Retail 

made up a quarter of the study population, followed by Health and Law/Education/Social 

Services. Mining had very low representation in men and none in women. The percentage of 

suicide deaths among men with lost-time injuries was 0.77% and with medical-only injuries 

was 0.53%. For women, those percentages were 0.26% and 0.21%, respectively.

We examined the association between suicide and lost-time injury adjusted for age, pre-

injury earnings, and industry (Table 2). Among men, there was an approximately 50% 

increased subdistribution hazard suicide rate among those with lost-time injury compared 

with medical-only injury (95% CI 1.14, 1.93). For women, there was a 30% increased 

subdistribution hazard rate (95% CI 1.00, 1.69).

The sHRs in overall models in Table 2 lacked adjustment for pre-injury depression. As 

described in the Methods section, a QBA requires adjusting for pre-injury depression in the 

Washington State workers’ compensation data. To accomplish this, we first estimated the 

prevalence of pre-injury depression in those with lost-time injury and medical-only injury 

in the MarketScan data (Table 3). The propensity-score matched sample, matching on age, 

industry, and year of injury, yielded estimates of pre-injury depression of 1.77% in men with 

lost-time injury and 0.38% in men with medical-only injury. For women, the estimates were 

3.90% and 2.37%, respectively.

After running 10,000 QBA regressions to generate a distribution of sHR estimates that 

adjust for pre-injury depression in the Washington State data, the median sHR for lost-
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time injury and suicide was attenuated for both men and women (Table 4). For men, the 

simulation interval excluded the null (median sHR = 1.33, simulation interval [1.18, 1.47]) 

while the simulation interval included the null for women (median sHR = 1.12, simulation 

interval [0.92, 1.33]). We performed a sensitivity analysis to accommodate for a potential 

underestimate of major depression in the MarketScan data. When we repeated the QBA after 

doubling the estimated major depression prevalence in both injury categories, the median 

sHR for men was 1.24 with a simulation interval of 0.99 to 1.43 and for women, the sHR 

was 1.07 (simulation interval of 0.76 to 1.86) (data not shown).

In the Supporting Information Material, we present additional results, including an 

examination of suicide within industry. In our brief summary here, we highlight results 

for industries that comprised at least 10% of the overall person-time for either gender (the 

parenthetical values in the third column of Supporting Information: Tables S1a and S1b). 

For men, we estimated a doubling in the sHR for suicide when comparing lost-time injury 

with a medical-only injury in Durable Manufacturing (sHR 1.95 95% CI [0.97, 3.92]) and 

Retail (sHR 1.94 95% CI [1.04, 3.59]) (Supporting Information: Table S2a). Among women, 

the suicide rate in those with lost-time injuries was twice that of the medical-only injuries in 

the Services industry (sHR 2.09 95% CI [1.03, 4.25]) (Supporting Information: Table S2b).

4 | Discussion

We observed an increased risk of suicide among those who experienced a lost-time injury 

compared to those with a medical-only injury after adjusting for age, pre-injury earnings, 

and industry for both men and women. After including the indirect adjustment for pre-injury 

depression using a QBA, the association was attenuated for both men and women. In 

men, the association remained elevated and for women the association was not statistically 

significant.

For the indirect adjustment, information regarding the prevalence of major depressive 

disorder in the 12 months before injury came from the MarketScan data. This data set 

has several advantages, including that we could look at prevalence among employed 

persons and separately for those who experienced lost-time and medical-only injuries. 

We can compare our prevalence estimates with other studies. Hasin et al. [31] reported 

prevalence of major depressive disorder in the National Epidemiologic Survey on Alcohol 

and Related Conditions III (NESARC-III, years 2012–2013), which indicated the 12-month 

prevalence of major depressive disorder was 7.2% in men and 13.4% in women for a 

US noninstitutionalized population. The 2021 National Survey on Drug Use and Health 

(NSDUH) found that prevalence of major depressive disorder in the past year was 6.2% 

in males and 10.3% in women [32, 33]. Both studies were based on interviews that 

directly asked questions that allowed assessment of the disorder based on the Diagnostic and 

Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) [34]. However, these other 

sources likely include persons who may not be working, and experiencing unemployment 

has been associated with an increase in depression [35]; therefore, it is possible studies 

using general population estimates of depression may not be appropriate. Nonetheless, a 

limitation of our MarketScan data was it is based on medical diagnoses. It is possible 

that this underestimates major depression if some members of that population did not seek 
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treatment. In particular, men are less likely to report depressive feelings and seek treatment 

[36, 37]. In addition, the MarketScan data set represents a population of large, self-insured 

employers and, therefore, this external data set may not represent the experience of major 

depressive disorder for other types of injured workers. When we performed a sensitivity 

analysis, assuming the prevalence estimates of major depressive disorder were twice as high 

as we had observed, the association was attenuated for men with the CI including the null 

and the association for women was notably reduced and not statically significant.

There are other challenges to consider in regard to controlling for depression when 

examining suicide. For example, our indirect adjustment was for major depressive disorder, 

but other mental health disorders, including bipolar disorder or anxiety disorder may 

also increase risk of suicide [30, 38]. While we used the QBA to control for pre-injury 

depression, the actual. relationship between a workplace injury and subsequent suicide 

is likely more complex. Our underlying assumption in this analysis was that pre-injury 

depression increased risk of suicide and lost-time injury. However, we may need to consider 

if the true causal relationship involves no direct relationship between pre-injury depression 

and lost-time injury. Instead, perhaps lost-time injury may influence subsequent depression 

which is also influenced by pre-injury depression, which may itself be a risk factor for 

suicide. If we adjust for pre-injury depression, this would effectively block the direct effect 

of lost-time injury on suicide. Thus, although we do make an effort to control for pre-injury 

depression, we acknowledge that the relationship between injury, depression, and suicide has 

additional challenges that could be explored in future research. Other studies that present 

results with and without pre-injury depression, as we have done here, may provide additional 

insight since this relationship may differ across industries. Ideally, future studies that look 

to control for depression or mental health could have a more direct estimate for the primary 

study population.

We observed differences in suicide rates between men and women. Consistent with what 

has been reported previously in the United States, men had higher suicide rates than women 

(for both lost-time and medical-only injuries). Also, the association between lost-time injury 

and suicide appeared stronger for men. Unemployment and disability may influence suicide 

risk [39–41]. However, it is not clear that injured men suffer greater economic impacts than 

injured women. A study of Washington State injuries found that post-injury lost earnings 

as a proportion of pre-injury earnings were similar for men and women [42], and an earlier 

study in Wisconsin found that women had greater losses than did men [43]. On the other 

hand, the impact of similar levels of unemployment and disability on mental health may 

differ by gender. In a study that examined predictors of suicide among men and women, 

injuries (examined by location of injury) were found to be a predictor of suicide for men 

but not for women [41]. In our prior study which used a similar methodology to the present 

study but was based in New Mexico, the associations for men and women were similar to 

each other [19].

Another difference between men and women in the Washington State workers’ 

compensation data was the distribution of industries. It is possible that male and female 

workers may not be represented equally in those industries or that the types of jobs held and 

thereby the risk of more severe injury on subsequent employment may differ by gender. In 
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other words, in this study population, it may be that we did not see a stronger association in 

women because perhaps women were not working in jobs where more severe injuries occur. 

In addition, industries may differ with respect to health insurance and job security, and that 

may, in turn, have an impact on mental health outcomes. In the Supporting Information 

Material, we provided industry-specific results on the relationship between lost-time injuries 

and suicide.

The timeframe for the injuries examined implies a tradeoff between relevance to current 

injury patterns and the length of time for follow-up. We chose 1996–2000 injuries for this 

study, which allowed for long follow-up. This longer follow-up meant better alignment 

with other studies. The choice of comparison group also involves tradeoffs. The comparison 

group for our study was workers with medical-only injuries in the workers’ compensation 

data. While it might be assumed that a non-injured worker population would be the preferred 

comparison group and perhaps the relationship with lost-time injuries and suicide may be 

stronger, there may be concerns with respect to comparability. These may include whether 

non-injured workers have the same level of injury risk, access to workers’ compensation, or 

insurance as those identified as injured.

Other factors may influence the relationship between lost-time injury and suicide. A recent 

paper described how chemical, physical, and psychosocial exposures as well as access to 

means of suicide at work may increase risk of suicide [44]. Also, workplace factors have 

been shown to influence mental health. Shift work, high job demand, low job control, 

effort-reward imbalance, job insecurity, bullying, and low social support in the workplace 

have been shown to be related to poor mental health [45, 46]. In addition, long-term mental 

health post-injury can be affected by repeated occupational injuries and unemployment [47]. 

Similarly, a work-related injury may increase job insecurity, which may increase suicidal 

ideation [44]. Moreover, filing a complaint with the workers’ compensation system due to 

the work injury may increase stress and suicidality [44]. These point to a number of areas in 

which employers could develop strategies to intervene on contributors to poor mental health 

or to prevent injuries. In addition, the literature points to approaches, including offering 

mental health benefits, to reduce workplace-related suicide [45, 48].

Future research should emphasize prevention to mitigate suicide risk. More information on 

workers’ perceptions about the work environment (e.g., to determine perceptions about job 

security and high-demand jobs), the role of the workers’ compensation insurance process, 

and impact of different prevention programs would be useful to identify the most effective 

intervention strategies, which may differ by state and by industry. Attention to the impact 

of severity of injury could also be important to study as severity and disability may impact 

future earnings and well-being. Those with the most severe injuries may need additional 

types of support to better cope with life post-injury.

5 | Conclusions

An association between workplace injuries and suicide has a complex relationship with 

depression. Further research on injury, depression before and after injury, and suicide within 

a population of workers would be beneficial to understanding these relationships. Even 
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before improving our understanding of those relationships, emphasis in practice should be 

on improving workplace safety and well-being to prevent depression and injury and to 

identify optimal programs among employers and insurers to support injured workers to 

mitigate suicide risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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