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Abstract

Objective—To examine the reciprocal longitudinal associations between depression or anxiety 

with work-related injury (WRI) at a large employer in the southwestern United States.

Method—Three administrative datasets (2011–2013) were merged: employee eligibility, medical 

and prescription claims, and workers’ compensation claims. The sample contained 69 066 active 

employees. Depression and anxiety were defined as episodes of medical visits care (ie, claims) 

with corresponding ICD-9-CM codes. For an individual’s consecutive claims, a new case of 

depression or anxiety was defined if more than 8 weeks have passed since the prior episode. The 

presence of a workers’ compensation injury claim was used to identify WRI. Three-wave (health 

plan years 2011 or T1, 2012 or T2, and 2013 or T3) autoregressive cross-lagged models were 

used to estimate whether depression or anxiety predicted WRI, also if WRI predicted depression 

or anxiety in the following year(s).
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Results—Depression predicted injury from T1 to T2 (β=0.127, p<0.001) and from T2 to T3 

(β=0.092, p=0.001). Injury predicted depression from T1 to T3 (β=0.418, p<0.001). Effects of 

anxiety on WRI were small and inconsistent, from T1 to T2 (β=0.013, p=0.622) and from T2 to 

T3 (β=−0.043, p=0.031). T1 injury had a protective effect on T3 anxiety (β=−0.273, p<0.001).

Conclusions—We found evidence of reciprocal effects for depression with WRI after 

adjustment for prior injuries and depression. The evidence for the relationship between anxiety 

and WRI is less clear. WRI prevention and management programmes should incorporate 

depression prevention and management.

INTRODUCTION

Approximately 374 million non-fatal work-related injuries (WRIs) occur each year across 

the world, each resulting in more than 4 days of non-attendance.1 This contributes to an 

annual loss of 4% in global gross domestic product.1 Mental illness is responsible for one-

third (32.4%) of global years lived with disability2 and a yearly loss of close to 12 billion 

working days.3 Depression and anxiety are among the most prevalent mental disorders and 

represent the greatest burden.2 4 Despite the tremendous economic losses, few studies have 

considered the inter-relationship between WRI and mental health problems.

Several authors reported a significantly greater risk of WRI among employees with a 

history of mental disorders,5 6 especially among the depressed compared with those with 

no depression.7 Experts theorise that mental disorders increase an employee’s injury risk 

by creating less awareness or focus, consequently leading to workers being inattentive to 

or missing potential work hazards, which in turn may lead to a WRI.5 One longitudinal 

study examined the reverse relationship and showed an increased risk of depression among 

workers with WRI (compared to those with non-WRI).8 The proposed mechanism was that, 

after the WRI, factors such as disability, protracted wage replacement, delayed return to 

work and/or loss of job may contribute to negative mental health outcomes.8

Plausible evidence for a reciprocal relationship of depression or anxiety with WRI is 

only indirect (ie, from unidirectional studies) since no studies have adequately evaluated 

the directionality of the association of depression and anxiety with WRI. Moreover, no 

longitudinal studies have controlled for the history of either of these health outcomes. 

Controlling for a prior history of the outcome rules out the possibility that the association 

is observed simply because predictor and outcome were correlated at some previous time 

point.9 Lastly, although depression and anxiety are the two most prevalent mental disorders 

in the USA10 and globally,2 4 there is no literature on the relationship between anxiety and 

WRI.

We tested whether depression or anxiety predicts WRI and, reciprocally, whether WRI 

predicts depression or anxiety. Further, we examined if associations differ for minor and 

major WRIs.
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METHODS

Study sample

The study population consisted of employees from a large southwestern university system 

(16 institutions; hereafter referred to as the ‘university system’). De-identified administrative 

datasets were integrated for 2011–2013, including an employee eligibility file describing 

who was enrolled in the health plan, a medical/prescription claims file and a workers’ 

compensation claims file for those employees who had filed a worker’s compensation claim. 

The annual enrolment period for the health plan was from 1 September through 31 August 

of each year.

A total of 202 102 individuals were enrolled in the health plan for at least one full year in 

2011–2013. Enrollee children and spouses (n=90 114) and employees less than 18 years old 

(n=12) were excluded. Only enrollees with active employment status were included (n=89 

367). All other enrollees (eg, retired, on sick leave) were excluded (n=22 609). Finally, 

active enrollees who were employed in only one calendar year were excluded (n=20 301) 

since the analysis focuses on cross-year associations requiring an individual to be in the 

analytic sample for at least 2 years. The final analytic sample consisted of 69 066 active 

employees.

Jurisdictional context

Health insurance coverage for many workers in the USA is offered through their employers, 

typically as part of the employee benefits package. In our study, university employees were 

eligible to enrol in the health plan if they worked at least 20 hours per week for at least 135 

calendar days. Although employees could opt out, and purchase a private insurance plan or 

get on their spouse’s insurance, this is unlikely given the university’s health plan provides a 

broad and good coverage at a competitively cheap price.

In addition, the university runs a self-insured Workers’ Compensation Insurance (WCI) 

programme, which covers injury-related or illness-related medical costs. In some cases, it 

may also cover wage replacement. Unlike the health plan, the university’s WCI programme 

is a legal obligation that operates under State’s law and covers every employee. Funds for 

the WCI programme at each institution are allocated based on the premium allocation rate 

(PAR). PARs per US$100 payroll at each institution are calculated based on the previous 

3-year injury experience (number of injuries, types of injuries and cost of each incident). A 

higher PAR represents a greater level of injury risk, thus more compensation funds assigned 

to the institution.

Main measures

The presence of a workers’ compensation injury claim filed within health plan years 2011, 

2012 or 2013 was used to identify WRI. No injury type was excluded (note: there were 

no psychological injury claims filed or awarded). If no injury claim existed in a year, the 

employee was considered free of WRI for that year. There were 2141 employees with an 

injury claim. For employees with multiple WRIs (3.5% to 4.6% of cases depending on the 

year), their first WRI for that year was identified.
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Depression or anxiety were identified in the medical/prescription claims dataset according 

to ICD-9-CM codes11 (online supplementary table 1). The codes in the dataset refer 

to the diagnosis during the medical visit. Employees with medical visit dates which 

included depression or anxiety codes were coded as having depression or anxiety, and 

correspondingly, as not having either. Following Kessler et al, a new case of depression or 

anxiety was defined as an episode of care (ie, claim) preceded by at least 56 days (8 weeks) 

of no similar visits.12 This episode of psychiatric care construction was used in several 

other studies.13–15 The data on psychotropic drug prescriptions were not used in defining an 

episode to avoid misclassification bias (ie, some antidepressants might be prescribed to treat 

anxiety). Psychotropic drug use instead was included in the analysis as a covariate.

Covariates

Several time-fixed variables were included: age at the cohort start date (in years), gender 

(female=1), institution type (academic institutions where main activities are education and 

research vs health science centres with additional focus on clinical services), presence of 

anxiety, presence of depression, psychotropic drug use and the institution’s PAR (lower vs 

higher) for the year 2014. The PAR ranged from 0.05 to 0.19. Eight institutions with PAR 

<0.12 were assigned to the lower PAR category, and eight institutions with PAR ≥0.12 were 

assigned to higher PAR category. Chronic condition count was considered in early modelling 

efforts. However, this variable did not show significance and was dropped to keep models 

more parsimonious.

Data analysis

A three-wave (T1—health plan year 2011, T2—health plan year 2012 and T3—health plan 

year 2013) panel was built in Mplus (V.7.4).16 This approach allows main variables to 

serve as predictors and outcomes simultaneously. Autoregressive coefficients were used to 

measure the ability of the variable to predict itself over time.9 Cross-lagged coefficients 

indicated the effects of one variable on another variable at later time points, after controlling 

for the baseline value of the outcome.9 The robust weighted least squares estimator 

(WLSMV) was used due to the large number of subjects, categorical outcomes and to 

address residual correlations.17

The baseline model (M1—autoregressive model) measured if depression predicts future 

depression in the first year after a diagnosis (or if anxiety predicts future anxiety) and if 

a WRI predicts a WRI in the first year after the injury report (figure 1). M1 did not test 

cross-lagged associations. All covariates were time fixed, therefore, added at T1 only as part 

of the baseline model.

Model fit was assessed using Comparative Fit Index (CFI), Tucker-Lewis Index (TLI) and 

Root Mean Square Error of Approximation (RMSEA).18 CFI and TLI values of 0.95 or 

greater and RMSEA less than 0.05 indicated a good fit.18 Nested models were compared 

using the χ2 difference test for the WLSMV.16 A p value greater than 0.05 implied that more 

restrictive models with more df could not to be rejected.19 The use of WLSMV estimator 

to model bivariate outcomes resulted in probit regression estimates. Positive estimates of 

the final model indicated that an increase in the predictor increased the probability of the 
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outcome.20 A two-sided p value of 0.05 was used as a cut-off for the significance of the 

estimates.

Competing models were tested in three steps. Below, we describe the process of model 

testing for depression and WRI. The same modelling process was used for anxiety and WRI.

Step 1.—Models for hypothesised direction of association were compared following 

Farrell.21 Model M1 (baseline) tested the hypothesis of no association between depression 

and WRI. Model M2 tested if depression predicts WRI (paths added depressionT1→WRIT2 

and depressionT2→WRIT3). Model M3 (alternative to the model M2) tested if WRI 

predicts depression (paths added WRIT1→depressionT2 and WRIT2→depressionT3). Model 

M4 (reciprocal) tested both directions of association, that is, paths in M2 and M3 

(paths added depressionT1→WRIT2, depressionT2→WRIT3, WRIT1→ depressionT2 and 

WRIT2→depressionT3).

After the direction of association was established, steps 2 and 3 tested if models with paths 

indicating longer effects over time (from T1 to T3) fit the data better.

Step 2.—Two-year autoregressive lags were added and model fit was compared with 

the best fit model from step 1. Model M5 test if depression predicts a new case of 

depression in the second year after the diagnosis (path added depressionT1→depressionT3). 

Model M6 tested if WRI predicts WRI in the second year after the injury (path added 

WRIT1→WRIT3). Model M7 tested both sets of paths in M5 and M6 (paths added 

depressionT1 to depressionT3, WRIT1→WRIT3).

Step 3.—The best fitting model from step 2 was compared with models testing cross-

lagged associations in the second year after the depression diagnosis or WRI report. Model 

M8 tested if depression predicts WRI in the second year after the depression diagnosis (path 

added depressionT1→WRIT3). Model M9 tested if WRI predicts depression in the second 

year after the WRI (path added WRIT1→depressionT3). Model M10 tested both sets of paths 

in M8 and M9 (paths added depressionT1→WRIT3, WRIT1→depressionT3). The best fit 

model in step 3 was selected as the final model.

Subgroup analyses

We conducted an additional set of analyses to test the reciprocal associations between 

depression or anxiety with minor versus major WRIs. Initial treatment received by the 

employee immediately after the WRI and the time lost from work were used as a proxy 

for injury severity. WRIs were categorised as minor if medical treatment was not needed 

or if there was a minor treatment provided on site, at the clinic, at the hospital or at the 

emergency room. Major WRIs consisted of those where an employee was hospitalised for 

more than 24 hours, if there was more than 1 day lost from work (not counting the day of 

injury) or if employee was referred for specialised medical care.
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RESULTS

Study population

Table 1 shows demographic and other baseline population characteristics (n=69 066). Three 

percent (n=2141) of the population had at least one injury. Some employees had WRIs in 

multiple years, hence the total number of WRIs was 2296. There were 1319 minor and 

977 major WRIs over the study period. Sprains or soft-tissue injuries constituted 34.6%; 

haematomas, contusions and crush injuries, 24.3%; lacerations or open wounds, 17.3%; 

fractures or dislocations, 5.1%; and burns, 2.2% of all WRIs. Six percent (n=4114) of the 

population had at least one new case of depression, and 5% (n=3646) had at least one new 

case of anxiety during the study period.

Association between depression and WRI

As table 2 shows, the baseline model including only autoregressive associations 

(M1) demonstrated a good fit (χ2(35)=657.13, CFI=0.972, TLI=0.960, RMSEA=0.016). 

Comparisons of the baseline model with all other models in three steps resulted in a best fit 

model M9 (χ2(28)=368.70, CFI=0.985, TLI=0.973, RMSEA=0.013). Adding the additional 

path in M10 did not improve model fit over M9 (M9 vs M10 Δχ2(1)=1.36, p=0.24). All 

steps in the process are shown in table 2.

The final model 9 is shown in figure 2. Depression predicted future WRI (βT1→T2=0.127, 

p<0.001, βT2→T3=0.092, p=0.001). The path coefficients from injury to depression 

were significant but inconsistent. T1 WRI increased the likelihood of depression at 

T2 (βT1→T2=0.310, p<0.001) and T3 (βT1→T3=0.418, p<0.001) while WRI at T2 was 

protective against depression at T3 (βT2→T3=−0.147, p=0.001). Depression predicted 

future depression (βT1→T2=0.929, p<0.001, βT1→T2=0.261, p<0.001, βT1→T3=0.684, 

p<0.001). WRI predicted future WRI (βT1→T2=0.477, p<0.001, βT2→T3=0.214, p<0.001, 

βT1→T3=0.296, p<0.001). For all final models, regression coefficients, SEs and p values can 

be found in online supplementary table 2.

Association between anxiety and WRI

As table 3 shows, the baseline model M1 (base) indicated a good fit (χ2(35)=724.42, 

CFI=0.944, TLI=0.919, RMSEA=0.017). Comparisons of the baseline model with all 

other models resulted in a best fit model M9 (χ2(28)=467.18, CFI=0.964, TLI=0.935, 

RMSEA=0.015). Adding the additional path in M10 did not improve model fit over M9 (M9 

vs M10 Δχ2(1)=1.35, p=0.245). All steps in the process are shown in table 3.

Model M9 for anxiety is shown in figure 3. Anxiety did not predict WRI (βT1→T2=0.013, 

p=0.622, βT2→T3=−0.043, p=0.175). WRI at T1 was protective against anxiety at T3 

(βT1→T3=−0.273, p<0.001), but 1-year associations were inconsistent (βT1→T2=−0.291, 

p<0.001, βT2→T3=0.047, p=0.276). Autoregressive coefficients indicated that anxiety 

predicted future anxiety (βT1→T2=0.838, p<0.001, βT2→T3=0.269, p<0.001, βT1→T3=0.567, 

p<0.001) and WRI predicted future WRI (βT1→T2=0.413, p<0.001, βT2→T3=0.215, 

p<0.001, βT1→T3=0.308, p<0.001). The complete list of regression coefficients, SEs and 

p values of the final model can be found in online supplementary table 3.
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Minor and major WRIs

Model comparisons for the association between depression and major WRI can be 

found in online supplementary table 4. Depression consistently predicted major WRI 

in the next year after the diagnosis (βT1→T2=0.136, p<0.001, βT2→T3=0.114, p=0.002) 

(online supplementary figure 1). T1 major WRI increased the risk of depression at T2 

(βT1→T2=0.410, p<0.001) and T3 (βT1→T3=0.553, p<0.001), but the path from T2 to T3 

was not significant (βT2→T3=−0.088, p=0.125).

Model comparisons for the association between depression and minor WRI are shown 

in online supplementary table 5. Depression predicted minor WRI from T1 to T2 

(βT1→T2=0.129, p<0.001), while paths from T2 to T3, and T1 to T3 were insignificant 

(βT2→T3=−0.006, p=0.979, βT1→T3=0.081, p=0.721) (online supplementary figure 2). T1 

minor WRI increased the risk of depression at T2 (βT1→T2=0.375, p<0.001) and T3 

(βT1→T3=0.663, p<0.001). T2 minor WRI showed a protective effect against T3 depression 

(βT2→T3=−0.259, p<0.001).

Model comparisons for anxiety and major WRI association can be found in online 

supplementary table 6. Anxiety did not predict major WRI (βT1→T2=−0.016, p=0.671, 

βT2→T3=0.017, p=0.693) (online supplementary figure 3). T1 major WRI was protective 

against anxiety at T2 (βT1→T2=−0.420, p<0.001) and at T3 (βT1→T3=−0.534, p<0.001). T2 

major WRI did not predict T3 anxiety (βT2→T3=0.089, p=0.134).

Model comparisons for anxiety and minor WRI association can be found in online 

supplementary table 7. T1 anxiety did not predict T2 minor WRI (βT1→T2=0.015, p=0.674) 

(online supplementary figure 4), but T2 anxiety acted protectively against T3 minor 

WRI (βT2→T3=−0.092, p=0.016). T1 minor WRI was protective against anxiety at T2 

(βT1→T2=−0.474, p<0.001) and at T3 (βT1→T3=−0.590, p<0.001). T2 major WRI did not 

predict T3 anxiety (βT2→T3=0.064, p=0.237).

DISCUSSION

To the best of our knowledge, this is the first study to examine the reciprocal associations 

between depression or anxiety and WRI. Our findings suggest that there is a reciprocal 

association between depression and WRI such as depression predicts WRI in the first year 

after diagnosis, while WRI predicts depression in the second year after the WRI. One-year 

effects of WRI on depression showed conflicting results—one parallel path indicated that 

WRI increases the risk of depression, but next parallel path showed a protective effect of 

WRI against depression. Additional analyses by WRI severity showed that in the first year 

after the diagnosis, depression predicts major but not minor WRI. However, both minor and 

major types of WRIs predicted depression in the second year after the WRI. The protective 

effect of WRI on depression was driven by minor WRIs. WRI was protective against anxiety 

in the second year after the WRI. The associations between anxiety and minor versus major 

WRIs remained the same as of the main analysis.

Our findings support one previous study,7 where depression increased the risk of WRI. 

The effects of depression on WRI can be explained through impaired cognitive (processing 
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speed, attention)22 and psychomotor (balance, reduced muscle strength)23 functions. The 

findings are also consistent with another study, where an increased risk of depression 

followed a WRI.8 Literature suggests three plausible mechanisms for developing depression 

after a WRI: (1) through impaired health, functionality and quality of life; (2) through 

reduced productivity at work and lower wages; (3) through mental distress of dealing with 

workers’ compensation insurance.8 24 25 Aforementioned mechanisms evolve over time, 

which is compatible with our finding that the increased risk of depression was observed 

not in the first but in the second year after the injury. Unfortunately, we did not have any 

data to examine these mechanisms. We find it challenging to explain the conflicting effects 

of WRI on depression in the first year after the WRI. An increasing amount of research, 

exploring postinjury effects, have found a negative correlation between the resilience (ability 

to maintain stable psychological functioning) and depression or anxiety, that is, injured 

individuals with a higher levels of resilience are less likely to experience depression or 

anxiety.26 27 Since the population of our study was dynamic, employees at T2 might have 

had higher level of resilience (as compared with those at T1) resulting in better mental health 

outcomes. There are no longitudinal studies for us to compare our findings regarding the 

lower risk of anxiety after the WRI.

The findings of our study should be interpreted in the context of the following 

methodological considerations. First, the binary nature of the outcomes paired with the 

WLSMV estimator resulted in probit regression coefficients, which do not directly translate 

into effect size estimators. While having effect sizes would add value, the sign and statistical 

significance of probit estimates fully serve the study purpose. Second, defining depression or 

anxiety as an episode of care does not ensure the identification of new episodes of disease. 

Despite this being a limitation, we used a definition that has been used previously, and at the 

very minimum, it implies initiation of a new treatment. Third, ascertaining depression and 

anxiety through administrative data identifies only those filing a medical claim and therefore 

might underestimate cases where there was no medical visit. Several studies comparing 

depression prevalence using diagnostic scales versus administrative data found lower rates 

using the latter.28 29 Fourth, we might not have captured all WRIs as institutions may 

under-report to keep lower premium rates.30 However, the 3% injury rate in our population 

was similar to the occupational injury rate in the US colleges, universities and professional 

schools.31 Fifth, we were not able to control for the types of jobs or job hazards, as these 

data were not available. The different risks related to different jobs were only minimally 

captured by controlling for PAR and type of institution. Sixth, we were not able to examine 

associations by type of WRIs because some of the categories were too small. Seventh, 

while the latest research demonstrates the interdependence between work limitations and 

depression,32 we did not have return-to-work-data to account for the duration of injury. 

Eighth, we were not able to adjust for the non-WRI, as these data were not captured by the 

WCI. Lastly, we did not have data to determine plausible mechanisms of the associations.

Despite the above potential limitations, our study has many strengths such as the use of very 

large datasets, where depression or anxiety diagnoses were recorded independently from 

WRIs in a longitudinal study design; the examination, for the first time, of the reciprocal 

relationship between depression or anxiety and WRI using a robust method, which allows 

making causal inferences; controlling the associations between mental disorders and WRI 
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for comorbid depression or anxiety, psychotropic drug use and prior WRI; capturing 

severe depression and anxiety, requiring treatment; testing the associations for minor and 

major injuries separately; and, lastly, the contribution of our study to the sparse literature 

investigating health risk factors among university system employees.

CONCLUSION

The relationship between common mental disorders and injury is complex. Depression 

predicted WRI, and reciprocally, WRI predicted depression in an employee population 

at a large southwestern university. We did not observe this reciprocal relationship for 

anxiety. While depression and anxiety are frequently studied together, our research suggests 

that it is critical to examine the effects of depression and anxiety on another health 

outcome (eg, injury) separately. Further, other studies are needed to provide insights 

about the mechanisms of the association between depression and WRI, for which our 

study was not designed. The inconsistent effects for depression on injury we observed 

in the first year after the injury suggest future studies may need to consider that 

there may be employees with different levels of resilience to mental health problems. 

In addition, the potential role of postinjury pain in depression development should be 

elucidated since it may be helpful from a disease management perspective. Workplace 

injury prevention programmes should consider implementing evidence-based best practices 

that help employees manage depression such as coping skills training, mindfulness, 

encouragement of seeking professional help and programmes improving mental health 

literacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known on the subject

• Previous studies have examined associations of depression with work-related 

injury, but there have been no formal evaluations of a potential reciprocal 

association and no studies have controlled for previous history of injuries.

What this study adds

• This is the first longitudinal study to examine the reciprocal associations of 

depression or anxiety with work-related injury, controlling for history of prior 

injuries and prior depression or anxiety.

• Causal reciprocal effects between depression and work-related injury were 

found so that depression can lead to injury and injury can lead to depression.

• Evidence for a reciprocal relationship between anxiety and work-related 

injury is mixed.

Gerasimaviciute et al. Page 12

Inj Prev. Author manuscript; available in PMC 2022 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Baseline model for the association of depression with a work-related injury among public 

university employees in southwestern United States in 2011–2013.
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Figure 2. 
Standardised estimates for the association of depression with a work-related injury among 

public university employees in southwestern United States in 2011–2013. Adjusted for 

age, gender, psychotropic drug use, presence of anxiety, type of institution and premium 

allocation rate. *Significant at p<0.05. Dotted line identifies negative coefficient.
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Figure 3. 
Standardised estimates for the association of anxiety with a work-related injury among 

public university employees in southwestern United States in 2011–2013. Adjusted for age, 

gender, psychotropic drug use, presence of depression, type of institution and premium 

allocation rate. *Significant at p<0.05. Dotted line identifies negative coefficient.
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