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Study 1: A Meta-Analysis

Work injuries and mental health problems continue to impose serious costs to both organizations and
societies—costs that include healthcare expenses, workers compensation payments, legal fees, lost
productivity, training replacement employees, and lower employee morale, among many others. Apart
from their high expense, these two problems share other troubling features. Far too many individuals
suffer needlessly because of preventable work injuries and treatable mental health problems. Worse
still, the majority of work injuries go unreported or unrecorded for fear of reprisal (among other
reasons; Fagan & Hodgson, 2017), and an even larger majority of mental health problems go
undisclosed, undiagnosed, and untreated because of stigma (Baumann, 2007). As a result, advancing our
understanding of these two concerning phenomena could have substantial and widespread benefits.

The first critical step forward in addressing work injuries and mental health problems is to examine
rigorously the relationship between them. While intuition and scattered evidence suggest a link
between the two issues (e.g., J. Kim & Choi, 2016; Lin, Chu, et al., 2014), there is little agreement as to
the magnitude or direction of the relationship. While we observe that most research has assumed the
work injuries>mental health problems relationship, even research purporting to examine the mental
health problems—>work injuries relationship often inadvertently makes the work injuries>mental
health problems assumption in their research design by having a substantially longer recall periods for
the purported work injuries outcome than the purported mental health predictor (e.g., preceding 9
months and preceding 1 week, respectively; Frone, 1998). Further, there is little agreement as to what
conditions shape the relationship between work injuries and mental health problems. Existing research
has variously considered characteristics of the worker (e.g., gender; J. Kim & Choi, 2016) and their work
(e.g., manual labor; H.-C. Kim et al., 2009), but this research is largely inconsistent, leaving many
questions unanswered.

Accordingly, the goal of Study 1 is to provide the most comprehensive empirical summary of the
relationship between work injuries and mental health problems to date. In doing so, the current study
makes three specific contributions. First, this research offers the most robust estimate of an average
effect size for the relationship between work injuries and mental health problems. Calculating
aggregated effect sizes is crucial as they illustrate the magnitude and variation of relationships,
providing a basis for future research and policy. The second contribution is to compare the magnitude of
the relationship in time-separated research designs. Doing so makes it possible to infer differences in
the relationship between work injuries and mental health problems by comparing effect sizes from (a)
research designs in which work injuries are measured prior to mental health problems (i.e., work
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injuries>mental health problems) and (b) research designs in which mental health problems are
measured before work injuries (i.e., mental health problems—>work injuries). The third contribution of
this meta-analysis lies in identifying the conditions (moderators) under which the relationship between
work injuries and mental health problems varies. This study is the first to aggregate and compare the
effects of these conditions on the strength of the relationship.

Research examining the relationship between work injuries and mental health problems is
multidisciplinary, and has therefore defined and operationalized these two concepts in various ways.
Thus, providing clear definitions and categories to classify these concepts is an important first step
towards integrating and advancing our understanding of their relationship. A work injury is defined as “a
wound or damage to the body resulting from unintentional or intentional acute exposure to energy
(kinetic, chemical, thermal, electrical, and radiation) or from the acute absence of essential elements
(e.g., heat, oxygen) caused by a specific event, incident, or series of events within a single workday or
shift” (Barling & Frone, 2004, p. 5). This definition of work injury is comprehensive and functional in that
it reflects the variety of ways that work injuries have been framed and measured. These variously
include whether a person has experienced a work injury (i.e., presence/absence; Ramos et al., 2016),
whether the work injury was minor or major (i.e., severity; Stice & Moore, 2005), and how many work
injuries an individual has experienced (i.e., frequency; Turner et al., 2014). This definition of work injury
also distinguishes it from chronic strain injuries (i.e., disability resulting from the accumulation of
repetitive motions) and work accidents (i.e., unplanned events that may result in injury, but also include
near misses that do not result in personal injury, as well as mechanical or environmental damages).

The definition of the term “mental health problem” requires similar clarification. Mental health is a
higher-order concept used to describe the state and variation of an individual’s psychological well-being
and distress (Massé et al., 1998). Healthy cognitive, emotional, and social functioning and the absence of
psychological distress (Keyes, 2005) reflect a complete state of mental health. Prolonged deviations
from this complete state are conceived as mental health problems. More specifically, mental health
problems arise with a noticeably prolonged shift in cognition, emotion, or behavior resulting in the
experience of psychological distress. Like the definition of work injuries, this definition of mental health
problems is comprehensive and functional as it encompasses the many ways in which mental health
problems have been operationalized. Most commonly, they have been operationalized in terms of
specific symptoms or patterns of poor mental health (e.g., depression; Keogh et al., 2000) or as an
indicator of overall mental health (e.g., general mental health; Evanoff et al., 2002). In turn,
measurement in quantitative research has largely been split between the use of scales (i.e., higher or
lower levels; Siu et al., 2004) and clinical cut-offs (i.e., above or below a designated cut-off to be
considered depressed or not; Jacobsen et al., 2013). These clinical cut-offs are established based on
cumulative evidence, similar to the first goal of our study which is to establish the magnitude of the
relationship between work injuries and mental health problems.
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Several studies have found an association between work injuries and mental health problems (Agh et al.,
2014; J. Kim, 2013). However, the vast majority of these studies use cross-sectional research designs,
which limit the strength of conclusions due to ambiguous directionality and confounding variables. Since
the relationship between work injuries and mental health problems does not lend itself to the
experimental control necessary to establish causality, any inferences about causality will need to rely on
convergent evidence from various methodological approaches. One such approach is to assess and
compare studies that employ longitudinal research methods.

The few longitudinal studies that have been conducted on the work injuries—mental health problems
relationship appear to provide evidence for both directions, albeit with a higher prevalence and
consistency for the work injuries>mental health problems direction than the alternative. For instance,
there is some research tying work injuries to subsequent short- to long-term drops in mental health
(e.g., from 8 days to 10 years; Dong et al., 2015; Evanoff et al., 2002; J. Kim & Choi, 2016; Lin, Shiao, et
al., 2014). The long-term effects of a work injury on subsequent mental health problems appear to be
partially reliant on the severity of the injury (Dong et al., 2015; Kuo et al., 2012) and potentially reliant
on the frequency of injuries (Jacobsen et al., 2013). However, these points are difficult to assess, given
that most studies do not distinguish the severity or frequency of injuries when measuring the presence
or absence of an injury; do not untangle perceived severity (i.e., the lived experience of the injured
worker) from “objective” severity (e.g., bruises vs. broken bones); and typically refer to a single injury as
opposed to an accumulation of injuries.

Nevertheless, there are good reasons to argue that injury severity and frequency are key factors in
potentially exacerbating subsequent mental health problems. One such reason is the research linking
severe and frequent injuries to risk factors for mental health problems. Broadly, these risk factors can be
summarized as functional limitations (i.e., difficulties with diverse physical activities) and employment
instability (i.e., various indicators of involuntary turnover and unemployment). Baidwan et al. (2018)
found in a longitudinal study that injured workers were more likely than non-injured workers to
experience a wide range of functional limitations important to their occupations, while also experiencing
higher rates of depression. Another longitudinal study by Chin et al. (2017) showed that unemployment
following a work injury was related to depression and post-traumatic stress symptoms, while a higher
number of different jobs held following a work injury was related to higher rates of depression. Thus,
severe and frequent work injuries may alter how individuals feel about themselves in relation to the
future.

At the same time, there is also some (albeit weaker, inconsistent, and less prevalent) evidence that prior
mental health problems are related to an increased likelihood of experiencing a work injury. For
example, a case—control study found that consultation for any psychiatric symptom was related to a
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higher risk of later experiencing injury (Palmer et al., 2014). Other research has suggested that short-
and long-term symptoms of poor mental health were slightly higher among those who were
subsequently injured (H.-C. Kim et al., 2009; Salminen et al., 2010). However, one limitation of these
findings is that there appears to be high comorbidity of symptoms found in the studies that measured
more than one mental health problem indicator. As such, summarizing which mental health symptoms
(or sets of symptoms) have been measured more often than others have and their respective
associations with work injuries could yield significant insights. We therefore conduct this type of
summarizing in the current study, highlighting the most common forms of mental health problems in
this research.

Depression is the most common form of mental health problem measured within research on the work
injury-mental health problems relationship (e.g., J. Kim, 2013), likely because of the relationship it has
with factors that harm or inhibit self-preservation. For example, individuals who are depressed are more
likely to consume greater levels of drugs and alcohol (e.g., Boden & Fergusson, 2011; Fergusson et al.,
2003) and get less sleep (Tsuno et al., 2005)—both of which factors are related to work injuries (e.g.,
Zheng et al., 2010). The second most common form of mental health problems measured within
research on work injuries is general mental health/psychological distress (e.g., Laal et al., 2016),
followed by anxiety (Wall et al., 2007), and symptoms of post-traumatic stress (Lin, Chu, et al., 2014).
Overall, the research on these mental health problems suggests they may cause physical and
psychological vulnerabilities to injury.

Hypothesis 1: The form of work injury will moderate the relationship between work injuries and
mental health problems, such that severe and frequent work injuries will have a stronger
association with mental health problems than simply the presence of an injury.

Hypothesis 2: The prospective measurement of work injuries and mental health problems will
moderate the relationship between work injuries and mental health problems, such that the
association will be stronger when work injuries are measured prior to mental health problems
(i.e., work injuries ?mental health problems) compared to when mental health problems are
measured prior to work injuries (i.e., mental health problems Dwork injuries).

Research Question 1: Will the form of mental health problems moderate the relationship
between work injuries and mental health problems, such that the association will be stronger
between depression and work injuries compared to other forms of mental health problems?

As noted, research on the association between work injuries and mental health problems has also
considered specific characteristics of those injured, with gender being the most studied of these
characteristics. One study found that depression levels did not vary among injured and non-injured
males, but that injured females were more depressed than their non-injured counterparts were (Peele &
Tollerud, 2005). Further, in the opposite direction, depressed females were more likely to experience
injuries, whereas depressed males were not (H.-C. Kim et al., 2009). However, different findings
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appeared in a study with a much larger and representative sample, showing that males who experienced
occupational injuries were more likely to show symptoms of depression than non-injured males and
both injured and non-injured females (J. Kim & Choi, 2016).

Although superficially contradictory, these mixed findings are likely due to confounding factors such as
higher depression rates among women in general (Nolen-Hoeksema & Girgus, 1994; Piccinelli &
Wilkinson, 2000) and higher injury rates among men in general (Messing et al., 1994; Salminen et al.,
1992). Indeed, a study by Asfaw and Souza (2012) confirmed this pattern, but also revealed that
increased depression following an injury was higher among males than females, despite higher overall
levels of depression among females. Given these results, it appears likely that males experience greater
increases in depression following an injury while females experience higher levels of depression overall.

Other characteristics such as age, education, visible minority status, income, and marital status may play
a role in linking the experiences of work injuries and mental health problems (Burke-Miller et al., 2006;
Salminen, 2013). However, these characteristics may also simply describe the general workforce found
within more physically hazardous jobs. Young, uneducated, single, low income, and visible minorities are
more likely to work at temporary and manual labor jobs, which often feature inadequate safety training
and supervision for physically hazardous work (Salminen, 2013; Smith & Mustard, 2010). A study by
Chau et al. (2011) that examined the relationship between various hazards (i.e., biomechanical, physical,
and psychological) and work injuries among those exhibiting depressive symptoms versus those who
were symptom-free found that the relationship between occupational hazards and work injuries
increased with the increase of depressive symptoms. Therefore, it is likely that aspects of the job (i.e.,
hazardous occupations or conditions) will differentiate the relationship between work injuries and
mental health problems.

Hypothesis 3: Gender will moderate the relationship between work injuries and mental health
problems such that work injuries will have a stronger relationship with mental health problems
among males than females.

Hypothesis 4: The degree to which an occupation is physically hazardous will moderate the
relationship between work injuries and mental health problems such that the relationship will be
stronger in samples drawn from occupations that are more hazardous.

Research Question 2: Will the personal demographics of age, marital status, education, income,
and visible minority status moderate the relationship between work injuries and mental health

problems such that work injuries will have a stronger relationship with mental health problems
among younger, single, less educated, lower income, and visible minorities?
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Method

We gathered published and unpublished effect sizes from numerous sources for meta-analysis. Articles
were primarily gathered from the online databases Web of Science, Google Scholar, PsycINFO, and
MEDLINE. We further used relevant qualitative studies, reviews, and meta-analyses gathered from the
online databases for citation leads. Additional efforts were made to gather grey literature, such as
conference proceedings, white papers, theses, and dissertations, as well as government reports. Finally,
we made calls for unpublished data to relevant management and occupational health and safety email
list services. See Figure 1 for a summary of the sample identification, screening, and inclusion process.

[ Identification of studies via databases ] [ Identification of studies via other methods ]
Records identified Records identified from:
§ (n=2937) Citation searching (n = 15)
E 7 Call for effect sizes (n = 3)
i:-; Grey literature (n = 8)
S Records after
= duplicates removed
(n=2318)
Records screened _| Records excluded
(n= 2318) (n =2042)
Reports s.ought | Reports inaccessible
w0 for retrieval > (n=19)
£ (n=276)
c
(]
<
3 Reports excluded:
Criterion 1 or 2 unmet (n = 97) Reports excluded:
Reports assessed Criterion 3 unmet & no response Reports assessed Criterion 1 or 2 unmet (n = 10)
for eligibility —»| from primary author for request for eligibility —>| Criterion 3 unmet & no response
(n=257) of effect size (n = 35) (n=26) from primary author for request of
Qualitative (n = 3) effect size (n =2)
Duplicate effect sizes (n = 13)
A4
-]
3 Reports included in
=] . . .
S quantitative review [¢
= (n=123)

Figure 1. Flow chart of article identification, screening, and inclusion process.

Search terms for each database were compiled in collaboration with a professional librarian. The search
terms combined with Boolean rules and conceptual blocks (and allowing for the gathering of correlated
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terms) included the following: “work*” or “occupation*” or “job” adjacent to “injur*” or “accident*”
and “mental health” or “stress” or “depression” or “suicidal ideation” or “distress” or “anxiety” or
“posttraumatic stress disorder” or “emotional trauma” or “emotional disturbances” or “emotional
exhaustion” or “burnout.” Searches were limited from 1988 to 2019. All articles that contained at least
one of these keywords (i.e., anything potentially relevant, even qualitative or review papers for further
references) were retrieved from the databases.

For articles to be included in the meta-analysis, they had to meet the following pre-determined
population, intervention, comparator, and outcome (PICO; Schardt et al., 2007) criteria:

(1) Work injuries were measured in any form (i.e., severity, frequency, or presence/absence).
(2) Mental health was measured prior to, at the time of, or following the work injury in any form.

(3) An effect size for the relationship between work injuries and mental health was measured and
provided (or at least enough information to calculate an effect size was available).

For studies that met the criteria but did not include an effect size or effect sizes within the publication,
we contacted the corresponding author through email. Furthermore, the file drawer problem (see
Rosenthal, 1979) was mitigated by gathering all relevant unpublished data in the form of dissertations,
conference papers, book chapters, and unpublished working papers through the original search process.
The resulting effect sizes were then aggregated in four different ways: per independent sample (i.e., an
overall injury and mental health effect size per sample), per injury form (i.e., an aggregate effect size for
each form of injury within samples), per mental health form (i.e., an aggregate effect size for each
mental health form within samples) and per prospective measurement (i.e., an overall injury and mental
health effect size per prospective measurement).

All articles were vetted and coded by one of the authors and double coded by at least one research
assistant. Rater agreement was calculated using Cohen’s Kappa for categorical entries (Mean Kappa =
.86) and overall agreement for numerical entries (Mean agreement = 95%). All disagreements were
assessed and discussed by the coding author and the research assistant(s) to reach agreement. Details
that were coded from each study are outlined below.

1 While the broader category of accidents was excluded in this meta-analysis, “accident*” was still included as a
search term because previous research on occupational safety has often treated work injuries and accidents as
synonymous. Articles where it was clear that the authors were looking at work injuries but referred to them as
accidents were included, whereas articles where it was unclear or it was clear they were using it appropriately as a
broader category including near misses and non-personal damages were excluded.
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Article characteristics. The full citation of each article that met the criteria was coded. In addition,
publication status (published or unpublished), format of reference (e.g., journal article, dissertation,
conference paper, etc.), and the region where research was conducted were coded.

Sample characteristics. Sample details were coded and included the exact sample size used in the
analyses that produced relevant effect sizes (if unstated, the overall sample size of the sample was
retrieved), mean age, sample scale (sample-based vs. population-based), and mean tenure. Open-ended
industry was also recorded and industry-level non-fatal injury incidence rates (derived from the Bureau
of Labor Statistics, 2019) were matched to samples drawn from a single industry as a proximate
measurement of physical hazardousness. Further, the proportion of each sample categorized by the
following sample details was coded (from 0 to 1): male, relative visible minority, not married, lowest
income bracket, high school education or above, and working at time of primary study’s data collection.

Work injury measurement. The format of work injury was coded into one of three categories: frequency,
severity, or presence/absence. Additionally, whether the injury measure was dichotomized, the length
of recall for injuries, the scale reliability, and measurement source (i.e., self-report or other-report, such
as organizational records) were also recorded when provided.

Mental health problems measurement. The type of mental health problem that was measured was
recorded and categorized into “depression,” “ post-traumatic stress,” “general mental health,”
or “other.” The specific scale used to measure mental health, whether mental health was dichotomized,
the number of mental health measures within the sample, and the scale reliability were recorded in the
dataset.

” u ” o«

anxiety,

Association characteristics. All associations among work injury and mental health problems were
recorded. Effect sizes were transformed into Pearson correlation coefficients if they were not already in
this format. Correlation coefficients were also calculated when no effect sizes were reported but when
there was enough information to do so manually (e.g., in studies where number of participants
categorized into injured/not injured and depressed/not depressed were available; effect size formulas
and calculators drawn from Card, 2015; Lenhard & Lenhard, 2016; Lipsey & Wilson, 2001). Finally, any
reported covariates were also recorded.

Study design characteristics. Potentially influential aspects of the study design were also coded as
potential moderators. These included the design of the study (i.e., concurrent, longitudinal, or case—
control), the length of time between measurements if the study was longitudinal, whether mental
health or work injuries were measured first, and the context where the study took place (i.e., research
laboratory, field, or residence). In addition, the quality of each article was evaluated using a 3-point
Likert-type scale (1 = low quality; 2 = average quality; 3 = high quality) based on the Ottawa-Newcastle
quality assessment (Peterson et al., 2011).
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Analyses were conducted using the metafor package (Viechtbauer, 2010) in the statistical software R (R
Core Team, 2018). First, a random-effects model with REML estimation was chosen for the calculation of
the weighted mean effect size. Modeling for within- and between-study variance was deemed
appropriate given the diversity of samples and their respective characteristics and study designs
(Schmidt & Hunter, 2014). Second, all correlations derived from constructs that were measured through
effect or reflective indicators (i.e., mental health measures and subjective injury severity measures)
were disattenuated for unreliability when possible using methods suggested by Schmidt and Hunter
(2014). When reliabilities for reflective scales were unavailable, an average reliability was used based on
those that were provided; otherwise, reliability for measures of causal or formative indicators (i.e.,
injured or not, frequency of injuries, and objective severity ratings) were assumed to have perfect
reliability for the purposes of disattenuation. Third, correlations were transformed to Fisher’s Z prior to
analysis and back-transformed to provide the mean weighted and corrected correlation for reporting
(Borenstein et al., 2009). In addition, 95% confidence and credibility intervals were calculated, which
represent the estimated variability around mean effect size and variability of effect sizes across studies,
respectively.

Moderation analyses were conducted with mixed-effects meta-regression procedures (Gonzalez-Mulé &
Aguinis, 2018; Viechtbauer, 2010) using the weighted corrected correlations to test Hypotheses 1
through 4, as well as to assess Research Questions 1 and 2. Pairwise comparisons for nominal
moderators with three or more categories were analyzed with the multcomp package (Hothorn et al.,
2008), which adjusts the resulting p-values using Holm’s method (Holm, 1979).

Publication bias was addressed given the small number of unpublished effect sizes that were retrieved,
which is typical of meta-analyses. The funnel plot technique was used to visualize potential publication
bias (Viechtbauer, 2010). Supplemental analyses were also conducted because visual asymmetry of
funnel plots may be due to factors other than publication bias (Quintana, 2015) and can be difficult to
interpret accurately (Terrin et al., 2005). Therefore, Egger’s regression test for funnel plot asymmetry
(Egger et al., 1997) and a rank correlation test (Begg & Mazumdar, 1994) were also conducted to
examine the potential role of publication bias. Finally, the “trim-and-fill” method was applied to
estimate how many studies are missing because of potential publication bias (Duval & Tweedie, 2000).
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See Table 1 for the overall association between work injuries and mental health problems, as well as for
the associations by work injury form, mental health form, and prospective measurement. Also, see
Figure 2 for the forest plot of the overall association between work injuries and mental health problems.
The average weighted corrected correlation for the overall association between work injuries and
mental health is .21 (k =129, 95% Cl = .18, 24, 95% CR = -.10, .48). The test for heterogeneity for the
overall analyses (Q [128] = 16,875.27, p < .001) and the wide credibility interval suggest there is a great
deal of heterogeneity between samples. As such, exploratory moderation analyses were conducted in
addition to the hypothesized moderation analyses, some of which are displayed in Tables 1 and 2.

Table 1. The association between work injury and mental health problems.

7 95% interval £ 95% interval
k N r CR P cl CR
Overall association 129 1,407,827 .18 [.16,.21] [-.07,.42] .21 [.18,.24] [-.10, .48]
Work injury form with overall mental health 1422
Present (yes/no) 84 1,380,106 .15 [.13,.18] [-.09,.40] .17 [.14,.21] [-.12,.44]
Frequency 25 16,988 .23 [.17,.29] [-.05,.48] .26 [.19,.32] [-.07,.53]
Severity 33 20,013 .24 [.19,.28] [-.00,.45] .28 [.22,.33] [-.05,.55]
Mental health form on overall work injury 1762
Depression 73 1,099,034 .17 [.14,.20] [-.07,.39] .20 [.16,.23] [-.09, .45]
Anxiety 15 46,521 .18 [.12,.25] [-.04,.38] .22 [.13,.29] [-.07,.47]
Post-traumatic stress 9 548,050 34 [.20,.46] [-.08,.65] .37 [.22,.51] [-.11,.71]
General mental health 47 856,920 .20 [.15,.25] [-.12,.48] .23 [.17,.28] [-.16,.55]
Other 32 597,656 17 0 [.13,.21] [-.06,.38] .18 [.14,.23] [-.07,.42]
Prospective measurement 1402
Work injury=>Mental health 36 965,525 21 [16,.27] [-.09,.48] .25 [.18,.31] [-.12,.55]
Work injury & —>Mental health 87 348,986 .20 [.17,.23] [-.06,.43] .23 [.19,.26] [-.09,.50]
Work injury€Mental health 17 103,869 .09 [.03,.14] [-.15,.31] .10 [.03,.17] [-.19,.37]

Note. k = number of samples, N = total sample size, * = weighted average correlation, Cl = confidence
interval, CR = credibility interval, p = weighted correlation corrected for attenuation, varl->var2 = varl
measured prior to var 2, varl1€—>var2 = varl and var2 measured at same time, varl€<var2 = var2
measured prior to varl. ?Some studies measured multiple forms of injuries, mental health problems,
and prospective associations. In such circumstances, multiple effect sizes were calculated to represent
each form or prospective association, wherein they were previously aggregated together for the overall
analyses. Therefore, k for these sub-analyses will be larger than the k for the overall association analysis.
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Figure 2. Forest plot of aggregated corrected correlation coefficients.
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Table 2. Categorical study and sample details on the overall association between work injury and mental
health.

p 95% interval
r 95% interval

k N r CR P cl CR

Region

North America 63 714,463 .18 [14,.21] [-.08,.41] .20 [.16,.24] [-.10,.47]
Europe 17 83,710 A5 [.08,.21] [-11,.39] .17 [.09,.25] [-.14,.46]
Asia & Oceania 39 607,537 .18 [.14,.23] [-.07,.42] .20 [.15,.25] [-.10,.48]
Africa & Middle East 7 1,358 30 [.19,.39] [.03,.52] .35 [.23,.46] [.03,.60]
South & Central America 3 759 .28 [.11,.44] [-.02,.54] .31 [.11,.49] [-.05,.60]
Design

Cross-sectional 80 848,349 .19 [.16,.22] [-.07,.43] .22 [.18,.25] [-.10,.49]
Longitudinal 33 145,022 .17 [.13,.22] [-.09,.41] .19 [.14,.25] [-.12,.47]
Case—Control 16 414,456 18 [.11,.25] [-.09,.43] .21 [.12,29] [-.12,.49]
Setting

Research laboratory 12 10,444 .23 [.14,.31] [-.04,.46] .27 [.17,36] [-.05,.54]
Field 52 414,348 21 [.17,.24] [-.05,.44] .23 [.19,.28] [-.07,.50]
Residence 65 983,035 .16 [.13,.19] [-.10,.40] .18 [.14,.22] [-.13,.46]
Quality

Low 12 9,815 21 [.13,.28] [-.06,.45] .24 [.15,.33] [-.08,.52]
Average 90 880,191 17 [.14,.20] [-.09,.41] .19 [.16,.22] [-.12,.47]
High 27 517,821 .22 [.17,.27] [-.04,.45] .26 [.20,.32] [-.05,.52]
Sample scale

Sample-based 106 93,677 .20 [.18,.23] [-.04,.42] .23 [.20,.26] [-.06,.49]
Population-based 23 1,314,150 .10 [.05,.15] [-.15,.33] .11 [.05,.17] [-.19,.39]

Note. k = number of samples, N = total sample size, = weighted average correlation, Cl = confidence
interval, CR = credibility interval, p = weighted correlation corrected for attenuation.

Hypothesis testing. First, the form of injury moderated the relationship between work injuries and
mental health problems (k= 142, Q [3] = 12.91, p = .002). Subsequent pairwise comparisons showed
that the difference between presence of injury and frequent injuries was significantly different from
zero (z=2.28, p =.045), as was the difference between presence of injury and severe injuries (z=3.26, p
=.003). However, the difference between frequent injuries and severe injuries was not significantly
different from zero (z = .58, p = .565).

Second, prospective measurement moderated the relationship between work injuries and mental health
problems (k =140, Q [3] =9.69, p = .008). Pairwise comparisons revealed that the prospective
measurement of previous mental health problems to subsequent work injuries was significantly smaller
than the prospective measurement of previous work injuries to subsequent mental health problems (z =
2.93, p =.010) and smaller than the concurrent measurement of work injuries and mental health
problems (z = 2.88, p = .010). Further, there was no difference between the concurrent measurement
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and the prospective measurement of previous work injuries and subsequent mental health problems (z
=.52, p =.602).

Third, gender did not moderate the association between work injuries and mental health problems. This
factor was tested in two ways: (1) a meta-regression analysis using the proportion of males within
samples (k =102, Q [1] = .40, p =.53); and (2) a subgroup meta-regression analysis of studies that
separated effect sizes by gender (k=11, Q [1] =.001, p = .972).

Fourth, occupational hazard did not moderate the association between work injuries and mental health
problems. Meta-regression analysis using the industry-level non-fatal injury incidence rate for samples
drawn from a single industry revealed no significant effect (k =59, Q [1] =1.23, p = .267).

In summary, support was found for Hypotheses 1 and 2, while no support was found for Hypotheses 3
and 4. Below, additional moderation analyses are explored to address Research Questions 1 and 2, and
for exploratory purposes.

Research questions. We assessed the form of mental health problem measured in order to answer
Research Question 1. The form of problem measured marginally moderated the relationship (Q [4] =
8.88, p = .064), such that follow-up pairwise comparisons revealed that the difference between
depression and post-traumatic stress was significantly different from zero (z = 2.80, p =.049) and that
the difference between post-traumatic stress and “other” was significantly different from zero (z=2.91,
p =.049). In both cases, post-traumatic stress symptoms had a stronger association with work injuries
than both depression and the “other” mental health problems category. Outside of these observations,
no other pairwise comparisons between forms of mental health problems measured differed
significantly.

Age, education, income, marital status, and visible minority status were assessed to address Research
Question 2. Among these, only visible minority status moderated the relationship between work injuries
and mental health problems (k =42, Q [1] = 6.57, p = .010), such that samples consisting of a larger
proportion of visible minorities showed a stronger relationship between work injuries and mental health
problems (intercept [no visible minorities] = .10, SE = .04, p = .004, estimate [all visible minorities] = .24,
SE=.09, p=.010).

Article and study details. Date, publication status, source of effect size (internal vs. external), region,
study design, setting, and quality were assessed as potential article and study details shaping the
average effect size. However, none of these article or study details were found to moderate the
association between work injuries and mental health problems.

Sample details. Exploratory sample details tested include sample scale, work status, and work tenure.
Among these, only sample scale moderated the relationship, such that large-scale population-based
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studies are more likely to produce a smaller effect size (k =129, Q [1] = 13.36, p < .001, intercept
[sample-based] = .24, p < .001, estimate [population-based] = -.13, SE = .04, p < .001).

Work injury and mental health details. We explored the following as potential moderators: whether the
work injury and mental health measures were dichotomized; the source of work injury measure; and
time of recall for the injury variable. Both work injury dichotomization (k =142, Q [1] = 16.79, p <.001)
and mental health dichotomization (k =176, Q [1] = 11.29, p < .001) moderated the association between
work injuries and mental health problems. When either work injury or mental health was dichotomized,
the association tended to be smaller (estimate = -.13, SE = .03, p <.001 and estimate = -.09, SE = .03, p <
.001 for work injury and mental health dichotomization, respectively). Finally, neither the measurement
source of injury nor the injury measure’s length of recall moderated the relationship between work
injury and mental health problems.

Analysis details. The type of statistical analysis, time lag between measures, and the presence of
covariates were explored as potential analysis detail moderators. However, none of these analysis
details moderated the association between work injuries and mental health problems.

Funnel plots were generated to examine potential publication bias visually (see Figure 3). Upon visual
inspection, there appears to be asymmetry present among the weighted corrected correlations. A
subsequent Egger’s regression test for funnel plot asymmetry (z = 4.86, p <.001) and a rank correlation
test (Kendall's T = .28, p <.001) support this observation, suggesting the presence of potential
publication bias. As such, the “trim-and-fill” method was conducted, but results from this approach
suggest no studies are missing on the left side of the funnel plot. In sum, while there is evidence for the
presence of publication bias, the impact of this bias appears minimal.
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Figure 3. Funnel plot corrected correlation coefficients.

The findings from the current meta-analysis reveal much about the relationship between work injuries
and mental health problems. For one, there tends to be considerable variation in the average effect size
across studies, suggesting a wide array of possible conditional factors shaping the relationship between
work injuries and mental health problems. Among those hypothesized to shape this relationship, only
the form of work injury and prospective measurement were significant moderators, whereas gender and
the degree to which an occupation was hazardous were not. Exploratory moderation analyses further
highlighted several other factors shaping the relationship, including the form of mental health problem,
visible minority status, sample scale, and measurement dichotomization. We discuss these findings, as
well as their implications and limitations, in greater detail below.
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Among the factors hypothesized and explored as moderators of the work injuries—mental health
problems relationship, the most insightful was the difference between longitudinal measurements:
studies that measured work injury prior to or at the same time as mental health had a larger effect size
than studies that measured work injury after measuring mental health problems. While directionality
cannot be concluded from this evidence, it at least suggests that mental health problems are more likely
to be present following, as opposed to preceding, a work injury. On the one hand, given this finding,
mental health problems are likely a distal antecedent of work injuries, intermediated by various factors
resulting from mental health problems and more proximal to work injuries. On the other hand, the
prospective measurement of work injuries prior to mental health problems does suggest that mental
health problems can be expected as one of the potential troubling consequences of work injuries.

The reason why mental health problems may be more likely to arise after an injury is likely a function of
the form of work injury. As was hypothesized, the severity and frequency of injuries tended to show a
stronger association with mental health problems than simply the presence of a work injury. These
findings suggest that researchers studying workplace injuries should, whenever possible, measure
beyond the mere presence of an injury and capture the severity and/or frequency of injuries as well.
Further, the form of mental health problem is also an important consideration. Post-traumatic stress
symptoms were found to be especially related to work injuries (relative to depression). However, a
common practice among studies that measured depression was to use clinical cut-off scores to
categorize participants as “depressed” or “not depressed.” This tendency to dichotomize continuous
mental health measures affected the variation in these variables, and thus the average effect sizes
tended to be smaller.

The prevalence of dichotomizing mental health problems and work injuries points to a larger concern.
While it is pragmatic to use established clinical cut-offs (e.g., to align measurement with analytical
assumptions or for drawing out intuitive practical and policy-related implications), and efficient to
capture only whether a participant experienced an injury or not (e.g., minimize burden on participants),
this meta-analysis should serve as a basis for guiding choices around measurement and reporting in
future studies. The issues around dichotomizing continuous variables are widely documented (e.g.,
Altman & Royston, 2006; MacCallum et al., 2002), but most importantly, doing so removes variation
vital to detecting and predicting variables, and in turn limits the potential of meta-analyses to explore
these variables.

Moving beyond characteristics of work injuries and mental health, the findings from this meta-analysis
highlight various sample characteristics found to be either uninformative or informative to the
relationship between work injuries and mental health problems. First, evidence clearly suggests that
gender did not moderate the relationship. As mentioned in the literature review and hypothesis
development, there are many issues with considering gender as a moderator of this relationship. While
it may be true that males tend to experience more work injuries and that females tend to experience
higher levels of depression, this study was not able to assess the change in magnitude of the
relationship by gender, but rather whether there were any differences to be seen in the overall
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relationship (i.e., either by proportion of males in the sample or between samples that separate
genders). In neither case did gender play a conditional role in the relationship.

Further, the degree to which the sample occupations were physically hazardous did not moderate the
relationship as hypothesized. However, there are some notable issues that may explain this lack of
finding. First, there were very few samples drawn from occupations with low injury incidence rates or
those that would otherwise be considered “low hazard”; this makes sense as the work injuries—mental
health problems relationship is rarely researched within these types of samples. Second, this analysis
was limited to samples drawn from a single occupation or industry, with most of the excluded samples
consisting of individuals from a myriad of occupations that range widely in terms of their physical
hazardousness. Hence, it is conceivable that physical hazardousness is still a potential moderator, but
the current study was unable to detect the potential threshold (i.e., comparing low- and high-hazard
occupations) where a hazard factor may influence the relationship between work injuries and mental
health problems.

With respect to the other sample characteristics tested in this meta-analysis, neither age, education,
income, marital status, tenure, or work status explained variation in the effect sizes across samples.
However, the proportion of visible minorities in a sample moderated the relationship between work
injuries and mental health problems, such that the greater the proportion of minorities in the sample,
the stronger the relationship. This finding is important in that among populations known to be
vulnerable to work injuries (e.g., younger, less educated, and single individuals), visible minority status
was the only characteristic to emerge as one that magnified the relationship between work injuries and
mental health problems. There is a long history of research on the health disparities experienced by
minorities (e.g., Nelson, 2002; Williams & Mohammed, 2009) and this finding contributes to this line of
research.

Studying the relationship between work injuries and mental health problems has many valuable
implications for research and practice in (but not limited to) occupational health and safety. First, this
meta-analysis should serve as a measurement guide for future researchers examining either or both
work injuries and mental health problems. Sufficient research has been conducted on the presence or
absence of injury; in the future, researchers should opt to enrich dichotomous measures (e.g., by having
numerous dichotomous measures increasing in severity of injury that could be combined into an index)
or capture follow-up details on a present injury (e.g., its perceived severity as an injured worker’s
experience compared to an objective rating is likely more strongly associated with their prior and
subsequent mental health). Similarly, researchers should avoid relying solely on dichotomizing
continuous mental health measures. Whether researchers ultimately choose to dichotomize a
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continuous variable, the descriptive statistics of and correlations with its continuous form should be
provided to enable future meta-analyses.

Second, this meta-analysis demonstrates that the association between previous work injuries and
subsequent mental health problems is stronger than the association between previous mental health
problems and subsequent work injuries. Accordingly, this finding should encourage research examining
the outcomes of work injuries. Most research on work injuries has understandably treated them as
outcomes to be measured, managed, and mitigated. However, studies examining the potential
consequences of work injuries, such as the current meta-analysis, are crucial for providing evidence to
support or guide institutional practices following work injuries. For instance, the current meta-analysis
provides evidence that a greater emphasis on psychological rehabilitation in conjunction with physical
rehabilitation in return-to-work programs is warranted.

Third, the finding that visible minority status magnifies the association between work injuries and
mental health problems is significant for future research, practice, and policy. Research is needed to
parse out the exact reasons why samples with a greater proportion of visible minorities showed a
stronger relationship between the experience of work injuries and mental health problems. From a
practical perspective, organizations that employ greater numbers of visible minorities need to be aware
of this precarity and, depending on worker rights in their jurisdiction, ensure their employees are aware
of their right to report injuries. Further, organizations may benefit by providing resources and support
during the post-injury process (e.g., communicating the importance of and advice on completing
workers’ compensation claims where this option is available). From a policy perspective, governing
bodies may want to direct limited resources to ensuring employers are providing these protections to
minority workers through inspections and enforcement.

While this comprehensive meta-analytic review of the work injuries—mental health problems
relationship represents a valuable step forward, it features certain limitations. First, a meta-analysis is a
blunt tool, blending not only different operationalizations of variables, but also study designs that range
in their quality, measures that range in their validity and reliability, and statistical analyses that range in
their sophistication and assumptions (Sharpe, 1997). This is especially the case for the current meta-
analysis, which blends research from a wide range of disciplines. While a blunt tool is useful for
integrating a large body of evidence—and steps were taken to account for the quality of studies and
unreliability in measures—it still limits the nuance that is required to fully appreciate the complex
relationship between work injuries and mental health problems.

Future studies seeking to address this limitation will need to focus on improving the extensiveness of
measures and the quality of study designs. As previously emphasized, there is a widespread overreliance
on dichotomization. At the same time, there is also a pressing need for more diverse study designs,
especially longitudinal and experience sampling research. Much could still be learned by studying
evaluations of work injuries and mental health problems in shorter intervals. For instance, monthly
measures are as ideal and pragmatic as it gets for measuring injuries (Andersen & Mikkelsen, 2008) and
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would allow for researchers to examine the fluctuation of mental health prior to and after the
experience of a work injury.

Another limitation to the current meta-analysis is that it only focused on acute work injuries and did
examine other pernicious work-related physical ailments, such as chronic injuries or disease. Indeed,
there is ample reason to believe chronic injuries and disease are strongly related to mental health
problems (Dersh et al., 2002; Gatchel, 2004). As such, there is opportunity for researchers to assess the
difference between acute and chronic injuries in terms of their association with mental health problem:s.
Finally, while research on chronic injuries and mental health problems is less common than research on
acute injuries, there may be opportunity for researchers to empirically synthesize this literature in the
coming years.

This multidisciplinary meta-analysis summarizes the existing quantitative literature on the relationship
between work injuries and mental health problems to determine two things: what we know thus far,
and where we should be headed in terms of future research, practice, and policy. The results confirm a
small to moderate association between work injuries and mental health problems, but this effect size is
bound to vary due to numerous conditions. Specifically, this study highlights prospective measurement,
the form and measurement of work injuries and mental health problems, and visible minority status as
key conditions on the work injuries—mental health problems relationship. It is our hope that this meta-
analysis will serve as an important basis for several promising lines of research and evidence-based
practices.
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Study 2: A Test of Mechanisms

Work injuries and mental health problems bare immense costs on workers and organizations—costs
that rise exponentially when workers experience both concurrently (e.g., Anderson et al., 2011). Despite
these exponential costs, we still have a limited understanding of how work injuries and mental health
problems are connected. Indeed, the theoretical conversation on the relationship between work injuries
and mental health problems has increasingly become atheoretical (e.g., Patten et al., 2010; Kim & Choi,
2016). This concerning trend leaves us with little idea about how to treat or disrupt the linkage between
work injuries and mental health problems, and ultimately reduce their associated costs.

It is therefore our intention to reignite the theoretical conversation on the psychological processes
underlying the work injury experience and the role of mental health problems prior to and following a
work injury. We apply cognitive theories to examine and distinguish the bi-directional relationship
between work injuries and mental health problems. Importantly, we propose that the cognitive
mechanisms underlying each direction of the relationship (i.e., mental health problems—>work injuries
and work injuries>mental health problems) are distinct. Here we draw on theories of cognitive
resources (e.g., resource allocation model; Ellis & Ashbrook, 1988) and maladaptive cognitions (e.g.,
information processing model; Beck & Clark, 1988) to propose two such mechanisms: cognitive
functioning as the mechanism linking prior mental health problems to future work injury and negative
cognitions as the mechanism linking prior work injury and future mental health problems.

We examine these cognitive mechanisms by drawing on data collected from the Canadian Longitudinal
Study on Aging (CLSA; Raina et al., 2009); a large, rigorous, and comprehensive multi-wave study. There
are important research design features of the CLSA that will enable stronger inferences on the
relationship between work injuries and mental health problems. For one, work injuries, particularly
those of greater severity examined in the present study, are relatively infrequent and are consequently
better examined within larger samples. Second, the larger sample size of the CLSA will be important for
detecting the expected smaller effect sizes informed by previous research, particularly regarding the
association between prior mental health problems and future work injury (see Study 1). Third, the
longitudinal repeated-measures design of the CLSA provides the opportunity to examine the
associations across time separation and account for variance explained by prior work injuries or prior
mental health problems.

One of the core contributions of the present study will be to examine theoretically informed
mechanisms (i.e., mediators) that link work injuries and mental health problems. This undertaking will
trace and advance theory around why the relationship arises, as well as provide research vital to
evidence-based interventions and management practices for addressing this issue. A second core
contribution of the present study will be to improve our understanding of the impact of work injuries
and mental health problems on older workers. The median age of the work force in developed countries
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is increasing and the average age of retirement continues to rise (Fisher et al., 2016; Rudolph et al.,
2018). As such, it is increasingly important to research the impact of adversity on workers who are in
their peak earning years.

In summary, advancing our limited understanding of the relationship between work injuries and mental
health problems is timely and consequential. As such, we explore the progression of thinking around the
cognitive processes occurring across the relationship between work injuries and mental health problems
to carry the theoretical conversation forward. We then detail the underlying mechanisms linking
previous mental health problems with future work injuries and previous work injuries to future mental
health problems.

Occupational and industrial psychologists have considered the relationship between work injuries and
mental health problems since the 1930s. Research by Hersey (1932, 1936) focused on what he called
low emotional states or vigor and their relation to accidents and injuries at work. Hersey observed that a
disproportionate number of accidents, up to forty percent, occurred around periodic fluctuations of
these low emotional states. He reasoned low emotional states were disruptive by lowering emotional
resistance and rendering workers less vigilant towards environmental hazards.

While this research was ahead of its time, especially with regards to its humane approach towards
workers and their relationship with the environment, it occurred before the widespread adoption of
conceptual refinement of mental health indicators and without any attempt to refer to or develop
theory beyond speculation. Many of the details outlined in Hersey’s (1932, 1936) research represent
what are commonly known today as depression, anxiety, traumatic stress, and more. There was also a
great deal of overlap between these indicators of mental health in his idea of emotional states with their
physiological counterparts such as fatigue and lethargy. As such, a major limitation to Hersey’s work was
the unclear conceptualization of his idea of emotional states, resulting largely from the absence of
theory at the time about indicators of mental health.

Hersey’s (1932, 1936) analysis of emotional states also tended to blend across the injury process.
Crucially, there was no clear indication of the extent to which low emotional states increased the
likelihood of a work injury or whether work injury increased the likelihood of experiencing low
emotional states. While there was a clear motivation in Hersey’s (1936) work to predict and prevent
injuries from occurring, he also spent some time discussing the experience of being involved in or
witnessing injuries at work (Hersey, 1932). Hersey noted that there appeared to be variation of low
emotional states following an injury but did not pursue the matter in depth given that his subjects
appeared to recover quickly. Nonetheless, the post-injury relationship to low emotional states was
taken for granted and no formal hypotheses or theoretical rationale was developed.
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It would not be until the 1950s that organizational psychologists began investigating the psychological
processes occurring before and after work injuries. Hill and Trist (1953) proposed and tested what they
called the withdrawal hypothesis, whereby individuals consciously or unconsciously treat work injuries
as a means of certified withdrawal. In other words, individuals act out internal difficulties in ways that
remove personal responsibility and are socially sanctioned to their organization. Hill and Trist presented
evidence to suggest that individuals who experienced injuries were more likely to also have more
unsanctioned absences (i.e., no or unacceptable excuses provided for absence) and less likely to have
sanctioned absences (i.e., permission for absence provided).

Clinical psychologists Hirschfeld and Behan (1963) would follow this work by introducing theory to the
psychological processes of experiencing work injuries. Hirschfeld and Behan explained that signs of
mental health problems occurring prior to an injury were a result of deeper unaddressed psychological
problems. Failure to address these psychological problems was thought to lead to self-destructive
behavior and, ultimately, injury. They proposed that psychological problems expressed themselves in
ways that ensured they would continue to go unaddressed by shifting focus towards physical pain
(Hirschfeld & Behan, 1963). Hirschfeld and Behan then argued that the expression of psychological
problems following a work injury were maintained, exasperated, or exaggerated in efforts to ensure that
the injured individual was adequately compensated for his or her damages. Hirschfeld and Behan called
this ‘attitudinal pathosis,” which is now referred to as malingering (Conroy & Kwartner, 2006; Cooper et
al., 2021).

The study by Hirschfeld and Behan (1963) was a provocative step forward in the examination of the
relationship. The pre- and post-injury psychological process was examined in depth and theoretically
driven. However, the theoretical basis was also deeply problematic. For one, there was no attempt to
develop theory that could be tested, which limits the utility of the theory. There was also a bias towards
placing the blame of accidents and injuries on workers. The idea that physical injuries were an
expression of a troubled psyche suggests that individuals who get injured at work are at fault for
ignoring some underlying psychiatric problems.

Researchers in the late 1970s would attempt to improve upon the work of Hirschfeld and Behan by
proposing testable theories. A study by Allodi and Montgomery (1979) attempted to test three theories
that, at least in measurement, examined both the mental health-to-work injury and work injury-to-
mental health relationships. In particular, they tested accident proneness theory (i.e., certain individuals
are predisposed to be injured more often than others), sociogenic theory (i.e., pre-existing social stress,
such as dissatisfaction with their job, will exacerbate the negative consequences of an injury), and life
events theory (i.e., stress caused by life events, like work injuries, will contribute to the genesis of
mental health problems).

While accident proneness theory is not a theory on the relationship between mental health problems
and work injury, the way that it was measured by Allodi and Montgomery (1979) allowed for this
inference. Indeed, Allodi and Montgomery examined previous psychiatric health problems, including
symptoms, episodes, and hospitalizations, and compared injured and non-injured individuals on these
measures. Results from just under 500 interviews provided support for higher rates of psychiatric
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symptoms (but not psychiatric episodes or hospitalizations) among those who were injured in
comparison to controls. Meanwhile, individuals in the accident group showed a modest relationship
between their mental health and job dissatisfaction to seemingly support the sociogenic theory. Finally,
no significant direct relationship was found between the experience of injuries and subsequent mental
health problems, offering no support for the life events theory.

While a strength of the study by Allodi and Montgomery (1979) is that they proposed testable theories,
there were still a number of important limitations. First, the test of accident proneness only captured
the relationship between prior experience of psychological problems with later experience of injury.
Realistically, this does not prove anything about the disposition of individuals any more than a set of
experiences that may increase vulnerability. Second, the test of sociogenic theory was only examined for
those who were injured, but not compared to those who were not injured. It is likely that non-injured
workers would also show a positive relationship between job dissatisfaction and mental health
problems, putting the presented results into question. Finally, the results testing the life events theory
were not even reported beyond the authors mentioning that they were not significant. Displaying the
results would have been important, considering it is not clear how they tested the theory or even what
type of analyses they conducted.

In summary, this progression of empirical work examining the entire pre- to post-work injury process
has gone from theoretical speculation to theoretical testing. However, limitations to existing theoretical
work are evident, such as non-falsifiability and inadequate or improper testing. Meanwhile, research
since Allodi and Montgomery (1979) on the bi-directional relationship between work injuries and mental
health problems has ignored theory altogether (e.g., Kim & Choi, 2016; Patten et al., 2010) and has
taken a unidirectional approach (i.e., only examining the link between prior mental health problems and
subsequent work injuries or between prior work injuries and subsequent mental health problems). As
such, we propose to update previous theorizing on the psychological processes surrounding the work
injury experience in the following sections. We begin by theorizing about the cognitive mechanisms
linking prior mental health problems and subsequent work injuries. We then theorize about different
cognitive mechanisms explaining the opposite direction.

We propose that mental health problems can increase vulnerability to work injuries. This is not because
people are engaging in self-destructive behavior to avoid addressing underlying psychiatric problems
(Hirschfeld & Behan, 1963) or because people are inherently prone to get hurt at work (Allodi &
Montgomery, 1979). We argue instead that coping with mental health problems comes with a cost: the
cognitive load associated with mental health problems take away from limited cognitive resources that
would normally contribute to risk reduction through the avoidance of hazards. We refer to this as a form
of injury vulnerability or individual variation in current or continued mental health problems that reduce
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cognitive functioning, affecting attentiveness, memory, and decision-making that would otherwise
reduce the likelihood of injuries.

The idea of this vulnerability to injury as a result of coping with mental health problems arises from
models of cognitive resource allocation (Ellis & Ashbrook, 1988; Levens et al., 2009) and extensions of
cognitive load theory (Hawthorne et al., 2019; Plass & Kalyuga, 2019). These theories claim that
individuals have limited cognitive resources at their disposal at any given time and these cognitive
resources are influenced by an individual’s mental health and well-being. Drawing from these models,
we propose that mental health problems increase injury vulnerability because cognitive resources that
are consumed when coping affect cognitive functioning vital to reducing the likelihood of injury. These
include resources that contribute to executive functioning and working memory important to meeting
or reducing the pressure from work demands such as ensuring safety and reducing errors.

In general, diminished cognitive functioning will increase the likelihood that individuals will feel
overwhelmed from demands they face at work. For example, mental health problems have been found
to be positively associated with psychosocial factors such as high demands, low control, and low support
(Sanne et al., 2005; Van der Doef & Maes, 1999), which have also been found to be related to the
occurrence of injuries (Nahrgang et al., 2011). Further, mental health problems consume cognitive
resources that are needed to be vigilant or fully attentive to environmental stimuli to prevent injuries.
For example, a comprehensive meta-analysis has found that individuals with major depression were
slower in their ability to shift between tasks, process information, and react to stimuli (Snyder, 2013),
cognitive functions important to recognizing and avoiding hazards at work (Anstey et al., 2005). The
resources consumed by mental health problems can also increase the occurrence of errors. For example,
individuals suffering from mental health problems are more likely to experience cognitive failures
(Broadbent et al., 1982), which in turn are related to an increased likelihood of experiencing work
injuries (Simpson et al., 2005; Wallace & Vodanovich, 2003).

In summary, we propose that the cognitive load of coping with mental health problems consumes finite
cognitive resources that also function to reduce the likelihood that individuals will experience work
injuries. As a result, mental health problems will give rise to the vulnerability of experiencing injuries at
work by hampering cognitive functioning.

Hypothesis 1: The relationship between prior mental health problems and future work injury will
be mediated through cognitive functioning, such that prior mental health problems will be
negatively associated with cognitive functioning, which in turn will be negatively associated with
future work injury.

While mental health problems should be related to subsequent work injuries by increasing
vulnerabilities, we propose that a different mechanism will explain the opposite direction. Building from
the work of Allodi and Montgomery (1979), we argue that the convergence of stressful life events
theory and sociogenic theory is a useful theoretical starting point, but one that must be complemented
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with additional theory. A feature central to cognitive theories of mental health such as information
processing theory is that stressful life events, like work injuries, can initiate a change in how people
think and feel (Beck, 1967; Beck & Clark, 1988). This can happen in at least two ways. First, work injuries
can have a direct role in flaring up mental health problems. Second, work injuries can elicit negative
cognitions that are harmful to mental health. We expand on these pathways between work injuries and
mental health problems below.

The experience of a stressful life event, such as a work injury, can elicit or exacerbate symptoms of poor
mental health as proposed in diathesis-stressor models (Monroe & Simons, 1991). The idea is that some
people are predisposed to experience psychological symptoms (i.e., diathesis) under the right conditions
(i.e., stressor). These models are often used to explain why individuals who experience the same event
may have completely different outcomes (Belsky & Pluess, 2009). While this approach is helpful in
explaining why two people who experience the same injury do not experience the same detriments to
mental health, there are numerous mechanisms that may also link work injury with long-term effects on
mental health, even for individuals who are not predisposed to experience mental health problems.

The experience of work injury can change how we think and feel about ourselves and the world around
us (Francis et al., 2014; Zare et al., 2019). In turn, this change in thinking can lead to worse symptoms of
mental health. A host of cognitive mechanisms have been found to link stressful life events to worse
mental health. These include rumination (Aldao et al., 2010; Michl et al., 2013), catastrophizing (Lee et
al., 2008), helplessness (Abramson et al., 1989), self-blame (Schulz & Decker, 1985), excessive upward
counterfactual thinking, and regret (Broombhall et al., 2017). The experience of stressful life events, like a
work injury, may also damage or shatter positive illusions known to buffer mental health, including
“unrealistically positive self-evaluations, exaggerated perceptions of control or mastery, and unrealistic
optimism” (Taylor & Brown, 1988, p. 193). These harmful cognitions are potential means through which
the experience of work injury may be related to a rise in symptoms of poor mental health.

Control theory (Carver & Scheier, 1982) helps to further the case for why work injuries as stressful life
events will be associated with mental health through the maladaptive cognitive mechanisms outlined
above. The idea behind control theory is that individuals are frequently monitoring and comparing their
current state of conditions with a desired or ‘normal’ state of conditions (Carver & Scheier, 1982). When
there are discrepancies between what one considers to be a normal state and their current state, they
will be motivated to reduce this discrepancy. However, discrepancy reduction can be obstructed when it
comes to stressful life events like work injuries, where temporary or even permanent impairment often
occurs. This lack of control over discrepancy reduction does not stop people from thinking about the gap
between their current state and their desired state. Hence individuals will be susceptible to many of the
maladaptive cognitive mechanisms outlined above, such as rumination (Michl et al., 2013), one of the
most robust predictors of worse mental health (Aldao et al., 2010).
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In summary, framing work injuries as potentially stressful life events shaped in part by sociogenic factors
like prior theory has suggested (e.g., Allodi & Montgomery, 1979) can help to explain why the
experience of a work injury would be related to a mental health problems. However, it is necessary to
expand on the basic argument of stressful life events by adding cognitive and affective models of
diathesis-stressor and discrepancy reduction. The former model suggests that work injuries may directly
elicit or exacerbate already existing symptoms of poor mental health in the short term, while the latter
model suggests that work injuries will elicit maladaptive or negative cognitions, such as rumination,
which in turn give rise to symptoms of worse mental health over time. As such, there is good theoretical
reason to support the idea that work injuries are associated with subsequent mental health problems
through negative cognitions. Based on the review of the literature and the theoretical reasoning above,
we propose the following hypothesis:

Hypothesis 2: The relationship between prior work injury and future mental health problems will
be mediated through negative cognitions, such that prior work injury will be positively associated
with negative cognitions, which in turn will then be positively associated with future mental

health problems.
Baseline Follow-up
Negative Cognitions \
Work-related Injury <—— » Mental Health Problems

Work-related Injury

Mental Health Problems

Cognitive Resources /

Figure 4. Proposed model.

Data from the Canadian Longitudinal Study on Aging (CLSA; Raina et al., 2009) were acquired and used
to test the proposed hypotheses. The CLSA is a large, comprehensive, and rigorous cohort study on
aging and well-being. The purpose of the CLSA is to identify various influences on health and well-being
to promote the longevity and general well-being of Canadians. In particular, the CLSA is a longitudinal
study of a large, nationally representative sample of roughly 51,000 randomly selected Canadians aged
45-85 years old and who could read and speak either French or English at the time of recruitment.
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Individuals will be followed for a period of 20 years until 2033 or death and the first two waves of data
collection were available to examine for the purposes of this study.

There are two cohorts that make up the overall sample of the CLSA. The first cohort is referred to as the
Tracking Cohort (TR). The TR cohort consists of a random sample of Canadians aged 45-85 years
recruited from the ten provinces (N = 21,241). The second cohort is referred to as the Comprehensive
Cohort (CO). The CO cohort includes a random sample of Canadians aged 45-85 years selected from the
populations residing in ten cities and within 25 kilometers of what are referred to as the Data Collection
Sites (N = 30,097). Data from the baseline interview and first follow-up interview for the CLSA were
available for both cohorts and used for this study. Because the focus is on work-related injuries, this
study only looks at CLSA participants who completed both time waves and were currently working at the
baseline or reported experiencing a work-related injury but were not currently working at the baseline
(Total N =18,239; TR N =6,854, CO N = 11,385).

Participants who met inclusion criteria were on average 54.90 years old (SD = 6.54). The sample was
roughly half female (48.4%) and half male (51.6%), with 4.8% of the sample considered as relative visible
minorities. Majority of participants had completed secondary school or higher (97.3%) and majority of
the sample were married or cohabiting (74.9%). Reported personal income was stratified, with 6.7%
earning less than $20,000, 27.9% earning between $20,000 and $49,999, 42.6% earning between
$50,000 and $99,999, 14.5% earning between $100,000 and $149,999, and 8.3% earning $150,000 or
more. Among participants currently working at the baseline (99.7%), 17.1% reported working more than
one job or at more than one business.

In addition to the above inclusion criteria, analyses were also conducted on the Newfoundland and
Labrador subsample (N = 484). The average age of this subsample was 54.26 (SD = 6.56), with a slightly
higher percentage of males (52.5%) than females (47.5%). Only 2.7% of the Newfoundland and Labrador
subsample were considered visible minorities. Majority of subsample had completed secondary school
or higher (87.4%) and majority of the sample were married or cohabiting (71.9%). Personal income
within the Newfoundland and Labrador subsample was stratified such that 8.5% earning less than
$20,000, 42.9% earning between $20,000 and $49,999, 36.7% earning between $50,000 and $99,999,
9.1% earning between $100,000 and $149,999, and 2.8% earning $150,000 or more. Finally, 99.8%
reported working at the baseline, with 16.8% reporting to be working more than one job at the baseline.

The CLSA collected a wide range of data through telephone surveys (e.g., information on socio-
demographic characteristics), as well as clinical (e.g., cognitive tests) and physical examinations (e.g.,
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bone density test). On the CLSA baseline telephone surveys, numerous questions were asked regarding
workplace injuries, physical and mental health problems including depression and symptoms of post-
traumatic stress that may result from injury, as well as cognitive functioning and negative cognitions. At
this point (as of October 2021), the CLSA participants had a baseline assessment, a maintaining contact
assessment, and one follow-up assessment. In this study, we used the following measures from the CLSA
baseline and follow-up surveys to address the stated research hypotheses.

Work characteristics and personal demographics. Work characteristics asked of participants included
current and previous labour force involvement, multiple job holding, work schedule, job tenure, open-
ended type of work, and open-ended industry. Participant’s labour force involvement was particularly
important for determining their eligibility for the current study. Age, sex, visible minority status, marital
status, education, personal income, as well as alcohol and cigarette consumption were gathered to
provide a description of the study population, to compare those who were absent from the follow-up
guestionnaire for any differences that might influence the focal relationships in this study, and to
include as potential covariates in the tests of hypotheses.

Work injury. Participants responded to a yes-or-no question asking about whether they had experienced
any injuries in the last 12 months at the baseline and follow-up. If participants responded yes, they were
then asked several follow-up questions. In particular, participants were asked how frequently they were
injured in the past 12 months (range is 1 to 30), whether their most serious injury occurred in the
workplace or whether it occurred while working at a job or business (including travel to and from work),
how it happened, and the location of the injury. Finally, participants were asked what type of injury they
had, whether it involved any broken or fractured bones, and the part of the body that was fractured or
broken. From these measures, we will be able to examine the presence or absence of a relatively severe
work-related injury.

Mental Health. Two self-reported mental health scales were measured across both cohorts. Depression
was measured across both time waves and post-traumatic stress symptoms were measured at the
baseline only.

Depression was measured through the Center for Epidemiological Studies — Depression (CES-D; Radloff,
1977) 10 item scale. Participants were asked to think about the extent to which they felt particular ways
in the past week. Sample items include, “how often did you feel depressed” and “how often did you
have trouble keeping your mind on what you were doing?”. Responses to these items were captured on
a 4-point scale, with 1 representing rarely or never (less than 1 day) and 4 representing all of the time
(5-7 days). Responses to the items showed acceptable reliability (a = .77 at baseline, a =.79 at follow-
up).

Post-traumatic stress symptoms were captured at the baseline using a scale adapted from the primary
care — post-traumatic stress disorder screening scale (Prins et al., 2003). Participants are asked to reflect
upon whether an event in their life has led to symptoms arising in the previous month. Sample
symptoms include, “have had nightmares about it or thought about it when you did not want to?” and
“tried hard not to think about it or went out of your way to avoid situations that reminded you of it?”.
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Participants were then asked to respond with either “yes” (1) or “no” (0). Responses to the post-
traumatic stress items showed acceptable reliability (a = .71 at baseline).

Mechanisms. Negative cognitions and measures of cognitive functioning were the key mechanisms
linking work injuries and mental health captured in the current study. Negative cognitions was captured
using the reverse-scored satisfaction with life scale (SLS; Diener, 2006; Diener et al., 1985), which is a 5-
item scale that asks participants about the extent to which they are satisfied with the conditions and
outcomes of their life. Sample items include, “If | could live my life over, | would change almost nothing”
and “the conditions of my life are excellent,” which were measured from 1 (Strongly agree) to 7
(Strongly disagree). While not a direct measure of negative cognitions, prior research has found this
scale to be strongly related to a range of broad (e.g., negative automatic thoughts; Netemeyer et al.,
2002) and specific forms of negative cognitions (e.g., rumination; Sukhodolsky et al., 2001). Responses
to the satisfaction with life items showed good reliability (a = .84 at baseline, a = .85 at follow-up).

Cognitive tests were conducted at baseline and meta-memory issues were measured at follow-up in the
current study as operationalizations of cognitive functioning and will be used to test the link between
baseline mental health problems and follow-up work injuries. The cognitive tests measured at baseline
include the Rey Auditory Verbal Learning Test (RAVLT; Schmidt, 1996), the animal fluency test (AFT;
Rosen, 1980), and the Mental Alternations Test (MAT; Salib & McCarthy, 2002; Teng, 1995). The first
task involved asking participants to listen to a list of words and then recall as many words as possible
immediately and at the end of the cognitive testing session to capture immediate- and delayed-recall.
The second task involved asking participants to generate a list of thematic words (i.e., list as many
animals as you can in 60 seconds) to capture categorical verbal fluency. The third task involved asking
participants to first count to 20, second list the alphabet, and last alternate consecutive numbers with
letters (i.e., 1-A, 2-B, etc.) to capture mental alternation. Each participant had two RAVLT scores, two
AFT scores, and one MAT score, which were then each standardized. The two RAVLT scores and the two
AFT scores were then combined to form a single RAVLT and AFT score respectively, such that each
participants cognitive functioning score was a latent expression of their attention and recall, verbal
fluency, and mental alternation scores (correlations between scores: RAVLT and AFT, r=.32, p < .001;
RAVLT and MAT, r = .25, p < .001; AFT and MAT, r = .37, p <.001).

Finally, meta memory issues was measured at follow-up with a 20-item scale gauging the extent to
which participants have complaints about their own memory. Participants are given a variety of items,
including “how often do you misplace something you use daily, like your keys or glasses?” and “how
often do you forget what you were just about to do; for example, walk into a room and forget what you
went there to do?” and asked to rate frequency from 1 (never) to 5 (all the time). Responses to the meta
memory scale were highly reliable (o = .88).
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Two waves of data were available for the current study. Wave 1 consisted of the CLSA baseline
guestionnaire, which was used to collect data at the baseline for the CLSA Tracking Cohort via computer-
assisted telephone interviews (CATI) conducted at four CATI sites. For the CLSA Comprehensive cohort,
the baseline information was gathered using the CLSA baseline questionnaire, which was completed
through in-home visits using CATI, and at the Data Collection Sites gathering physical, biological, and
clinical data. Individuals living in long-term care institutions and those with cognitive impairment were
excluded at the CLSA baseline.

About 18 months after the CLSA baseline interview, the Maintaining Contact Questionnaire was used to
collect additional information for both the CLSA Tracking Cohort and the CLSA Comprehensive Cohort.
Following the Maintaining Contact Questionnaire, Wave 2 of the study was collected for the two cohorts
and was completed in 2018. For the purpose of this study, data from the baseline interview and follow-
up interview will be used. However, because we are focusing on work-related injuries, we will limit the
study sample to the CLSA participants who reported working, either part-time, or full-time at the time of
their baseline interview or who had experienced a work-related injury but was not currently working at
baseline. Cross-sectional and longitudinal data available for the CLSA participants who meet the study
sample criteria will be analyzed to address the stated research hypotheses.

Mplus version 8 (L. K. Muthén & Muthén, 2017) was used to test the hypothesized mediation models
through latent variable structural equation modeling with maximum likelihood (B. Muthén, 2011; B.
Muthén & Asparouhov, 2015). In all analyses, mental health problems and the cognitive mechanisms
were modelled as latent variables, whereas the binary work-related injury variable was modelled as an
observed variable. When work injury was the outcome, it was treated as categorical and thus a logistic
structural equation model was performed in these analyses (B. Muthén, 2011). Prior to model testing,
confirmatory factor analyses were run to test the proposed measurement models.

There were six possible models with the available data to test the two hypotheses. Four of these models
were tests of Hypothesis 1: H1.1) baseline depression = baseline cognitive functioning = follow-up
work injury; H1.2) baseline posttraumatic stress = baseline cognitive functioning = follow-up work
injury; H1.3) baseline depression = follow-up meta-memory issues = follow-up work injury; and H1.4)
baseline posttraumatic stress = follow-up meta-memory issues 2 follow-up work injury. The two
remaining models were tests of Hypothesis 2: H2.1) baseline work-injury = baseline negative cognitions
- follow-up depression; and H2.2) baseline work-injury = follow-up negative cognitions = follow-up
depression. All models were run in three steps. The first step involved modeling only the proposed
variables without covariates. The second step involved adding baseline levels of the outcome as a
covariate to isolate the effect of prior levels of the outcome and how this affects the proposed models.
The final step involved adding all relevant socio-demographic characteristics to the mental health
problems-work injury relationship as covariates. Results for step 3 are reported in the hypotheses
testing below.
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See Table 3 for the descriptives, correlations, and reliabilities for study variables.

Participants who did not complete the follow-up survey but met all other inclusion criteria in the
baseline (N = 1973) were more likely to have been from the tracking cohort (t [20210] = -25.98, p <
.001), lower income (t [19649] = -11.80, p < .001), a relative visible minority (t [20210] = -6.05, p < .001),
not married or cohabiting (t [20202] = -3.93, p < .001), less educated (t [20178] = -18.07, p < .001), and
less likely to have been working at baseline (t [20063] = -3.30, p = .001). However, there were no
statistical differences regarding age (t [20210] = .52, p = .604), gender (t [20210] = 1.74, p = .081), or
working more than one job or at more than one business at the baseline (t [20018] = -.96, p = .338).
Interpretation of the results should therefore keep in mind the differences (i.e., income, relative
minority status, marital status, education, and working status) and lack of differences (i.e., age, gender,
and multi-job holding status) between participants who did and did not complete both waves of data
collection. Participant attrition was not assessed for the Newfoundland and Labrador subsample given
the relatively smaller sample size of this subsample.

Measurement models for each of the six proposed tests of the two hypotheses were assessed prior to
hypotheses testing. Models including depression were modified to allow a correlation between the
errors for the two reverse-scored items (item 5 and item 8) to rule out measurement artifacts impacting
model fit (Brown, 2015) demonstrated in previous research using the CES-D Scale (e.g., Mohebbi et al.,
2018; Wood et al., 2010). Each of the proposed models were found to have satisfactory-to-good model
fit and the model fit indices (i.e., % test of model fit, root mean square error of approximation [RMSEA],
comparative fit index [CFI], and the standardized root mean square residual [SRMR]) and measurement
model results are available upon request.
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Table 3. Means, standard deviations, sample size, internal reliabilities, and correlations between study variables.

Baseline (t1)

Variable M D N 1 2 3 4 5 6 7 8 9
g 1. Cohort 1.62 .48 18239 -
5 2. Gender 52 .50 18239 .01 -
B 3hee 54.90 6.54 18239 .04%**  Q7*** -
4. White 95 21 18239 -.03*** -02* .03%x
5.Income 290 1.01 17747 .08***  30%**  .(03%**  (Q2**
6. Married 75 .43 18231 -.02%*  15%*x  _Q7**x _01 A1Rx*
7. Education 7.59 212 18216 .13%**  02%  -Q7%** - Q5%kF 3RRx ggExx
8. Drinker 269 .63 17843 .03%**  QG*** - (Q5xKk  J]RKX  JGRRk OGRxk  oxkk
9. Smoker 237 1.39 18164 -.03*** 00 03%%% pp*kk 1 1x*x _JQF**  _3%*x 0 -
10. Work injury 04 21 18239 -.02* 01 03** .00 S0BFFEQ3XKK _Q7RRX 2% Q5xx
11. Posttraumatic stress 39 86 18153 -.04*** _10%** _04*** _0] SLLEEE L 1QF**F L QB*** - QGF¥* Q7R
12. Depression 501 4.38 18189 -.01 -09%*%  _03*x*  _ 01 SABKRE L Q4REE_O8FER L QFFRE 0QFHx
13. Cognitive functioning 27 66 17919 -.01 JO8KRE  _DPkkk  [Qékk 3k QDkkk  g7kkk  7%kk gk
14. Negative cognitions 11.91 6.29 18090 .05*** 00 02* SO4*** _18%Fk  _JGEkk  _(ggEkk _ (gQEkk  xx%
S 15.Workinjury 04 21 14759 -02* .00 -03** .00 06X Q3K _QGEEE Q3K O4kk*
$ 16 Depression 493 4.64 17666 -05%** -09%** -02*  -01 SABRRE L 1RRK L QQRKK _Q7RkR QK
§ 17.Metamemory issues 5 09 47 18068 -.04%** -06*** 03**  -02%*  -08%** _01 SO5¥¥F L 02%  Q4rkx
B 15, Negative cognitions 1149 631 17975 .02** 01 01 S02F% L ITRER L QQFRE L QQREE _JQREkR ]k
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Table 3 continued

Baseline (t1)

Follow-up (t2)

Variable 10 11 12 13 14 15 16 17 18
&  10. Work injury -
% 11. Posttraumatic stress  pg***  (.71)
£ 12. Depression 07%%x  31%x% (77)
13. Cognitive functioning _ g3*** _p3*** _Q7*** _
14. Negative cognitions O5*k%  D3%kk  gokxk_ggEkxk (84)
S 15. Workinjury 09F**  Q4F*F  Q6¥XX .02 06¥** -
% 16. Depression OB*** 5%k SPRRx _Q7*kx  37xEk QpF** (79)
% 17.Metamemoryissues  gq**x  J1kx  7%kx _Qg7ekx  17%kx  oqes  30%** (gg)
18. Negative cognitions  pg***  1g***  3g¥#* _Q***  G7*** 0f*** 49***  0*** (.85)

Note. * p < .05, ** p < .01, *** p < .001. Cronbach Alphas reported along the diagonal. Cohort (1 = tracking, 2 = comprehensive); Gender (0 =

female, 1 = male); White (0 = no, 1 = yes); income (5 ordinal categories, from 1= less than $20,000 to 5 = more than $150,000), married (0 = no, 1

= yes); education (11 ordinal categories, from 1 = grade 8 or lower to 11 = university degree or certificate above bachelor degree); Drinker (3
ordinal categories, from 1 = no drinks in last 12 months to 3 = regular drinker [at least once a month]); work injury (0 = no, 1 = yes).
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Hypothesis 1. It was hypothesized that baseline mental health problems would be associated with
follow-up work-related injury through the mechanism of cognitive functioning. The results provided
mixed support for this hypothesis. When the baseline cognitive tests were treated as the mediator,
neither baseline depression nor baseline posttraumatic stress symptoms were indirectly associated with
follow-up work injury (£ =.000, SE =.004, p =.970, 95% Cl: -.01, .01 and £ =.00, SE = .00, p = .928, 95%
Cl: -.00, .00, respectively). However, when metamemory issues were treated as the mediator, both
baseline depression and baseline posttraumatic stress symptoms were indirectly associated with work
injury (f=.02, SE=.01, p=.002, 95% Cl: .01, .04 and S =.01, SE =.003, p =.001, 95% Cl: .01, .02,
respectively). While the baseline cognitive tests did not mediate the effect of baseline depression nor
baseline posttraumatic stress, both measures of mental health problems continued to have a direct
effect on follow-up work injury when all covariates were added to the model (#=.10, SE =.02, p <.001,
95% Cl: .05, .14 and =.06, SE = .02, p = .006, 95% Cl: .02, .11, respectively).

Similar to the results for the entire Canadian population, neither baseline depression nor baseline
posttraumatic stress symptoms among the Newfoundland and Labrador subsample were indirectly
associated with follow-up work injury through baseline cognitive testes (£ = .04, SE =.03, p =.160, 95%
Cl:-.02, .10 and B=.02, SE=.02, p =.230, 95% Cl: -.01, .06, respectively). However, unlike the results for
the entire Canadian population, baseline depression and baseline posttraumatic stress symptoms were
also not indirectly associated with work injury at follow-up through meta-memory issues (5 =-.02, SE =
.02, p=.453,95% Cl: -.06, .03 and f=-.01, SE = .01, p = .600, 95% Cl: -.04, .02, respectively). Further,
baseline depression and posttraumatic stress symptoms did not have a direct effect on follow-up work
injury when all covariates were added to the model (ps > .156).

Hypothesis 2. It was hypothesized that baseline work-related injury would be associated with follow-up
mental health problems through the mechanism of negative cognitions. Results show an indirect effect
from baseline work-related injury to follow-up mental health problems through baseline negative
cognitions (£ = .01, SE =.002, p <.001, 95% CI: .01, .03). These results were replicated when baseline
negative cognitions are replaced with follow-up negative cognitions as the mediator (£ = .03, SE =.004, p
<.001, 95% CI: .02, .03). Both results provide support for Hypothesis 2.

Contrary to the findings for the rest of the Canadian population, there was no indirect effect from
baseline work-related injury to follow-up mental health problems through baseline negative cognitions
within the Newfoundland and Labrador subsample (£ =.004, SE = .006, p = .500, 95% Cl: -.01, .02); nor
was there an indirect effect from baseline work-related injury to follow-up mental health problems
through follow-up negative cognitions (5 =-.01, SE = .03, p =.808, 95% Cl: .01, .03).

The results for the full sample of the current study replicate prior research showing a bi-directional
relationship between work injuries and mental health problems. More importantly, the current findings
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largely lend support for both proposed mechanisms in the relationship between work injuries and
mental health problems. Specifically, prior levels of depression and posttraumatic stress symptoms were
found to be indirectly associated with future work injury at follow-up through self-reported memory-
related cognitive functioning issues (but not higher levels of cognitive functioning based on tests of
cognition). Further, prior work injury was related to follow-up depression through maladaptive negative
cognitions, both at baseline and at follow-up. However, none of these results replicated within the
smaller Newfoundland and Labrador subsample.

First considering the prior mental health problems to subsequent work injury relationship, the
inconsistent findings highlight the importance of working memory in resource allocation and cognitive
load models (Levens et al., 2009; Plass & Kalyuga, 2019). Importantly, the results from this study
highlight that among older workers, issues around memory may be more important to predicting work
injuries than broad cognitive functioning issues as captured in the cognitive tests. While prior research
on cognitive failures typically combines these forms of cognitive functioning in their operationalization
(e.g., attention, memory, and intended action; Day et al., 2012; Petitta et al., 2019), separating the
particular components may lend insight into the relationship between prior mental health problems and
subsequent work injuries.

While the component of memory issues may be particularly important among older workers in the
relationship between mental health problems and work injuries, there are other potential reasons for
the non-significant results around the cognitive tests. For instance, there were no quantitative measures
of safety salience or the degree to which participants were occupied in moderate- to high-hazard jobs
where attention and executive functions such as mental alternation are especially important for
minimizing occupational hazards. As such, the results include individuals from all job types and
workplaces, which may have resulted in more conservative estimates given that lapses in cognitive
functioning stemming from mental health problems are less likely to lead to work injuries among those
in safer occupational environments.

Considering next the prior work injury to later mental health problems association, full support was
found. These findings highlight how stressful life events when combined with information processing
and control theory cognitive models (Beck & Clark, 1988; Carver & Scheier, 1982) can lead to worse
mental health outcomes through maladaptive cognitions. These findings reinforce the importance of
cognitive reactions to work injuries, and aligns with other studies highlighting the importance of fair
treatment and support following a work injury in shaping subsequent attitudes (e.g., Francis et al., 2014;
Hepburn et al., 2010).

Finally, there are several potential explanations for the lack of findings within the Newfoundland and
Labrador subsample. First and most likely is the combination of smaller sample size and rare occurrence
of work-related injuries within this subsample. Without sufficient statistical power and variation, there
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are decreasing odds that relationships will emerge even if they exist as is suggested in the analyses of
the larger population sample. Second, these results may point to a difference in this subsample with
regard to the work injury-mental health relationship. Evidence for this idea comes from the lack of direct
effects between baseline depression and post-traumatic stress symptoms with follow-up work injury.

The current study has several practical and theoretical implications. Regarding practical implications,
this study highlights the importance of cognition in explaining the bi-directional work injury-mental
health problems relationship. As such, psychological rehabilitation following physical injuries may help
improve recovery and reduce the associated costs when work injury and mental health problems arise
together. In preparing psychological rehabilitation, the cognitive mechanisms examined in this study
should be targeted for intervention, especially negative and maladaptive cognitions. By outlining these
specific malleable mechanisms, it may be possible to interrupt the association between a physical injury
and dealing with problems of mental health.

Regarding theoretical implications, the way we think about physical injury may be limiting our ability to
better understand the psychological experience of work injuries. Recent research on moral injuries (see
Griffin et al., 2019 for a review) and the growing rate of individuals claiming compensation for mental
health-related disabilities (Dewa et al., 2010) require us to rethink the barrier of physical and
psychological well-being and the role of work and employment in shaping how the two are associated.
Like the elusive yet pragmatically important phenomenon of fatigue (Noy et al., 2011; Williamson et al.,
2011), physical and psychological health is important for the safe and productive conduct at work.

The evidence of the current study from the entire population compared to prior research is strong given
the sample size, quality of most measures, ability to account for prior levels of the mental health
problems and work injury in analyses, as well as a wide range of relevant sociodemographic
characteristics such as age, gender, minority status, income, marital status, drinking status, and smoking
status. While this large and comprehensive two-wave population study contributes to the nuance
around the relationship between work injuries and mental health, it also has its own limitations. The
first set of limitations involve the study population in both its restricted age range and attrition from
baseline to follow-up. The restricted age range of the sample (45+) potentially limits our ability to make
generalizations to younger samples in that older samples likely differ on the key variables of this study
(i.e., work injuries and mental health) and therefore must be taken into consideration when estimating
the generalization of the resulting model. Further, the differences between those who completed both
waves and only the first wave may have resulted in more conservative estimates such that those who
did not complete the second wave had sociodemographic characteristics that were for the most part
associated with both work injury and mental health problems in this study.

The second set of limitations come around measurement of the mechanisms. The use of a reverse-
scored life satisfaction measure as a proxy of negative cognitions is a potential limitation of
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correspondence. While the measure also captures a more stable and global assessment of one’s
circumstances in relation to the past, it has been found to be sensitive to shifts in life satisfaction
because of recent life events (Suh et al., 1996). Further, the use of brief cognitive screening tests may
have limited the ability to adequately test the resource allocation and cognitive load theories. Future
research may want to adopt other measures of negative cognition (e.g., rumination, counterfactual
thinking, etc.) and more comprehensive tests of cognitive functioning to better test these hypotheses.

This study attempted to revive the theoretical narrative around the work injury-mental health problems
association, particularly the psychological processes surrounding the work injury experience. This study
hypothesized and tested distinct psychological mechanisms underlying the relationship that mental
health problems had to prior and future work-related injuries. Results from the study do suggest that
negative cognitions, a form of maladaptive thinking, has important implications for subsequent mental
health problems. Further, some evidence was found for the role that cognitive functioning has in
explaining how dealing with mental health problems may create vulnerabilities via memory-related
issues associated with experiencing work-related injuries in the future. Together, this study serves as a
basis for thinking about the psychological processes of the work injury experience.
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Study 3: A Test of Mental Health Trajectories

This study is an extension of the first two studies of this report. The prior studies systematically establish
that there is a relatively robust association between work injuries and mental health problems (Study 1),
emphasize important conditions of the relationship (Study 1), and highlight specific mechanisms linking
these two concerning phenomena (Study 2). The next step in this research program is to start examining
the trajectory of mental health following and prior to work injuries to understand better this
bidirectional relationship. By understanding the timing and the lasting effects of work injuries on mental
health, and the potential variation and change in mental health prior to work injuries, we are better
positioned to tackle these phenomena through more effective preventative and reparative efforts.

Existing longitudinal research has primarily focused on long-term outcomes, typically ranging from 1
year (e.g., Lin, Shiao, et al., 2014) through to 12 years (e.g., Ahola et al., 2013; Dong et al., 2015). The
few shorter-term quantitative longitudinal studies assessing mental health and work injuries have
primarily measured mental health and work injuries at one time point (e.g., 6 months; Hepburn et al.,
2010). Even fewer studies have captured multiple measures within a shorter period and these studies
have provided relatively inconsistent findings that require a careful assessment (e.g., Asfaw & Souza,
2012; Chin et al., 2018; Evanoff et al., 2002; Gillen et al., 2004). As such, one of the main goals of this
study is to systematically review these studies and build off our best knowledge about the mental health
trajectory following and preceding work injuries.

Beyond the short-term trajectory of mental health following and prior to a work injury, research on the
relationship between work injuries and mental health among young workers has also provided mixed
results. For instance, Frone (1998) found there to be no relationship between work injuries and mental
health after controlling for a host of individual and job-related characteristics. These multivariate
conditions add a caveat to the findings from other research that have found a bivariate relationship
between work injuries and mental health (e.g., Caglayan et al., 2010), and adds further complexity to
those where other conditions have been found to shape the relationship (e.g., minority status as a
condition on the work injury-mental health problem relationship among high-school students; Song et
al., 2011). As such, the current study lends insight into the population of young workers who have been
especially underexamined within the literature on the relationship between work injuries and mental
health.

We first briefly review the research examining the work injury-mental health problems relationship
among young workers to get a sense of the expected relationship within this population. We then
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carefully review the existing work injury-mental health literature applying short-term longitudinal
research designs. We then examine this process in a multi-wave study of young workers.

The relationship between work injuries and mental health has been highly understudied among young
workers. This is perhaps a result of the most prominent study to date finding no relationship between
work injuries and mental health among young workers after controlling for demographics, personality,
employment, and substance use (Frone, 1998). However, a study by Caglayan and colleagues (2010) on
young workers (between 14 and 18 years of age) from an apprenticeship school in Turkey found
contrary results. Specifically, Caglayan et al. found that 57% of young workers who scored high on
mental health problems experienced work injuries, compared to 43% of young workers who scored low
on mental health problems experiencing work injuries. While this finding was significant, it did not
account for any covariates as was done by Frone (1998).

A third study of working high-school students may offer some reconciliation between the differences
previously found. Research by Song and colleagues (2011) found both significant and non-significant
relationships between work injuries and depression when their sample was split between ethnic
minority students and ethnic majority students. In particular, they found that among Asian students, a
work injury was related to depression, whereas this was not the case among Caucasian students.
However, again, Song et al. did not account for covariates in their analyses beyond ethnicity, though
these group disparities may lend some insight into when the relationship between work injuries and
mental health may emerge among young workers.

Health disparities between majority and minority groups have been pervasive in research on population
health and health care (e.g., Nelson, 2002; Williams & Mohammed, 2009) and these types of disparities
may also be reflected in the previous studies based on the findings from Song et al.’s (2011) research.
Frone’s (1998) sample was primarily drawn from an affluent population, whereas Caglayan et al.’s
(2010) sample was primarily drawn from a much less affluent population. As such, there are likely
important sociodemographic conditions on the relationship between work injuries and mental health
among young workers. Yet, given the specific focus on the bivariate relationship in this study, we
anticipate there will be a relationship between mental health and work injury among young workers as
found in other bivariate studies.

There have been a few longitudinal studies with shorter time intervals of measurement (e.g., within
months or less than a year after injury) that provide a general sense of the short-term changes of mental
health following a work injury (see Table 4 for overview). Earlier research was dedicated to establishing
the short-term relationship, with mixed findings for both directions (e.g., Asfaw & Souza, 2012; Dersh et
al., 2002; Franulic et al., 1996). Later research was dedicated to highlighting mechanisms and conditions
that are likely important for linking work injuries to mental health problems to explain these
inconsistent results. These have included pain associated with the injury (e.g., Hepburn et al., 2010),
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objective severity of the injury (e.g., Anderson et al., 2011), subjective severity and brooding over the
injury (Garcia et al., 2018), and sociodemographic characteristics (e.g., the interaction of gender and
occupation; Kim et al., 2009).

Table 4. Summary of existing short-term longitudinal studies on work injuries and mental health.

Study Prospective Sample and Scale Details Key Findings
Measurement
Anderson 1 measurement: 32% Sample: 329 hospitalized Roughly 1/5 of participants had a
et al., of claims made workers with burn psychiatric diagnosis. Claims with
2011 within 30 days, 55% injuries (modal age psychiatric diagnoses had higher
from 2 months to a group = 25-54, 10% medical costs and more days of time
year female). lost than those without psychiatric
Scale: International diagnoses. Burn type, body part
Classification of burnt, and total body surface burnt
Diseases, Ninth Revision  were important conditions of
(ICD-9). psychiatric diagnosis.
Asfaw et 1 measurement: 3 Sample: 6513 injured Injured workers more likely to
al., 2012 months post-injury workers (Mgge = 43.9, experience depression at 3 months
(or post-pseudo- 49.5% female) and post-injury than non-injured workers
injury period) 361,368 non-injured over the same period.
workers (Mgge = 43,
37.8% female)
Scale: ICD-9
Chinetal, 3 measurements: 3 Sample: 2001 injured Post-traumatic stress and
2018 months, 12 month, works at 3 months (M, psychopathology rates u-shaped,
and 6 years post- =42, 26.9% female), such that they are relatively higher at
injury 1233 injured workers at 3 months, lower at 12 months, and
12 months (Mqge = 42.6,  then high again at 6 years. Suicidal
28.5% female), 570 ideation relatively stable within first
injured workers at 6 year following injury, significantly
years (Mqge = 47.7, higher at 6 years post-injury.
32.6% female). Whether injury affect physical
Scale: Posttraumatic appearance, additional injuries,
Symptom Checklist employment instability, and reduced
(PTSC) & 5-item Brief salary associated with higher levels of
Symptom Rating Scale post-injury suicidal ideation.
(BSRS-5).
Dersh et 1 measurement: ~4 Sample: 1323 workers Participants far more likely to
al., 2007 months post injury with work-injury related  experience a psychiatric disorder

chronic disabling
occupational spinal

compared to population estimates,
particularly major depression and

WORK INJURIES AND MENTAL HEALTH | UNIVERSITY OF CALGARY

67



disorders (Mage = 41.9,
38.3% female)

Scale: Structured Clinical
Interview for DSM-Non-
Patient Version (SCID-I
NP).

drug dependence disorder. Major
depression and opioid dependence
disorder more likely to have occurred
after the work injury experience,
whereas posttraumatic stress
disorder, alcohol abuse disorder, and
alcohol dependence disorder more
likely to be pre-existing.

Evanoff et 2 measurements: Sample: 205 injured Study sample experienced
al., 2002 baseline (~8 days) workers (Maee =42, 66%  significantly lower mental health at
and follow-up (~6 female). the baseline and significantly higher
months) post-injury Scale: Short-Form 36 mental health at the follow-up
(SF-36) & Short-Form 12 compared to the population mean,
(SF-12) mental health suggesting a short-term dip in mental
subscales. health and a mid-term recovery.
Mental health recovery dependent
on follow-up work status, with those
off work and with restricted duties at
follow-up continuing to experience
lower mental health.
Fransen 1 measurement: Sample: 854 injured Chronicity of claimant status at 3
et al, upon initial injury workers (modal age months post-injury predicted by
2002 claim group = 31-45, 26% general mental health (and 4/5
female) subscales: anxiety/insomnia, social
Scale: 28-item General dysfunction, & severe depression).
Health Questionnaire
(GHQ-28)
Franulic 1 measurement: 1 Sample: 25 patients with  No significant association between
et al,, week post-injury burn-related work severity of injury and anxiety or
1996 injuries depression.
Garciaet 2 measurements: Sample: T1 = 244 injured Depressive symptoms much higher at
al., 2018 baseline (lessthan1  workers (Mgge = 39.37, time 1 (42%) compared to time 2
month post -injury) 23.4% female). T2 =216  (29%): 49% had no depressive
and follow-up (6 injured workers (Mqge =  symptoms across both waves, 22%
months from 39.92, 24.1% female). went from showing depressive
baseline). Scale: Center for symptoms at t1 to not showing
Epidemiologic Studies—  depressive symptoms at t2, 20%
Depression scale (CES- maintained depressive symptoms
D). across both waves, 9% showed
emergent depressive symptoms at t2
only. Subjective severity and
brooding appears to be an important
mechanisms.
Gillen et 4 measurements: 1 Sample: 78 injured Study sample experienced non-
al., 2004 week, 2 weeks, 1 workers (Mage = 46.6, significantly lower mental health 1

44% female).

week, 2 weeks, and 1 month post-
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month, and 3 months
post-injury

Scale: SF-36 mental
health subscale.

injury, and significantly higher mental
health 3 months post-injury
compared to the population mean.

Hepburn 2 measurements: 1 Sample: 344 injured Pain appears to be an important
et al,, month post injury workers predictor of depressive symptoms at
2010 (pain), 6 months Scale: 1-item pain 6 months following an injury.
post-injury measure & CES-D
(depression)
Kimetal., 2 measurements: Sample: 1,350 workers Males with depressive symptoms no
2009 baseline (mental (modal age group = 40- more likely to experience later work
health) and follow-up 49, 37% female) injuries than males without
(injury) at 6 months Scale: CES-D (at depressive symptoms. Females with
baseline), single-item depressive symptoms more likely to
binary injury measure experience work injuries than
(follow-up) females without depressive
symptoms. However, both males and
females from blue collar occupations
were more likely to experience a
work injury when they experienced
depressive symptoms compared to
their respective counterparts without
depressive symptoms.
Linetal, 1 measurement:3 Sample: 2001 injured Posttraumatic-stress symptoms and
2012 months post-injury workers (Mgge = 42, major depressive symptoms present
26.9% female). among injured workers, and while no
Scale: BSRS-50 & PTSC direct comparison available,
prevalence rates higher than several
different samples of general
population.
Linetal, Upto12 Sample: 1038 Prevalence of any psychiatric
2014 measurements: occupational injury disorder significantly highest among

baseline (sought care
for injury) and
monthly rates of
psychiatric visits
within 1 year after
injury

patients (Mgge = 35.6,
37.9% female), 6891
non-occupational injury
patients (Mqge = 38, 43%
female), and 534279

non-injury patients (Mage

=37.7,52.4% female)
Scale: ICD-9.

occupational injuries, then non-
occupational injuries, and then any
disease. This includes PTSD, major
depression, and neurotic disorders.

More fine-grained research on the trajectory of mental health following a work injury have been notably
inconsistent. A study by Evanoff and colleagues (2002) measured mental health around 8 days after
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injury and then again at 6 months. Results from this study show that there were signs of an initial
decline in mental health, which was then found to rebound and exceed population norms at 6 months.
Similar findings emerged in a study by Gillens et al. (2004), who found no decrease in mental health
within two weeks following a work injury and found an increase in mental health compared to the
general population at 3 months post-injury.

Adding more nuance to these studies, Chin et al. (2018) found within a larger sample that the mental
health problems trajectory following an injury appeared to take a U-shape, such that mental health
problems were higher at 3 months post-injury compared to 12 months post-injury, and that mental
health problems were higher yet at 6 years post-injury compared to 12 months post injury. Further,
Garcia et al. (2018) found notably higher levels of depression 1 month after a work injury within their
sample. Following these initial depression levels, 22% of participants in their sample recovered in 6
months, but 20% remained depressed, and 9% became depressed who were not previously depressed.
These findings highlight that the trajectory of mental health following a work injury is likely to vary
substantially between people.

There are several notable observations across these short-term longitudinal studies. The first
observation considers the role of comparison groups: some studies examined only within samples of
injured workers (e.g., Chin et al., 2018; Garcia et al., 2018), some studies compared injured individuals
with population estimates (e.g., Evanoff et al., 2002; Gillen et al., 2004), and others compared injured
individuals with non-injured individuals (e.g., Asfaw & Souza, 2012; Lin, Chu, et al., 2014). Across these
types of comparisons, comparing to population estimates tended to result in more inconsistent findings,
likely for reasons of sampling (e.g., were the samples reflective of the general populations?) and
repeated measures (e.g., what effect does completing the same scale multiple times have for values
selected?). A second observation is that the studies that compared population estimates also tended to
have smaller sample sizes. This increases the likelihood that the sample they have is unlikely to reflect
the general population. On the contrary, studies with larger sample sizes tended to provide more stable
estimates. Based on these findings, we propose the following hypotheses:

Hypothesis 1. Work injury will be associated with the intercept of the mental health trajectory,
such that individuals who experience a work injury at time 1 will start with worse mental health
compared to those who do not experience a work injury at time 1.

Hypothesis 2. The experience of work injury at time 1 will be associated with the slope of the
mental health trajectory, such that individuals who experience a work injury at time 1 will have a
greater rate of change in mental health problems following a work injury than those who do not
experience a work injury at time 1.

Finally, there are no studies in the extant literature that examine the trajectory of mental health
proceeding work injury experience (especially among young workers). As such, our goal is to explore the
bivariate relationship that mental health problems have with later work injury based on our existing
knowledge that there is a smaller relationship between prior mental health problems and later work
injuries (see Study 1).
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Research question 1. Will the slope of mental health problems be positively associated with the
experience of work injury at time 5, such that rate of change in mental health problems will be
associated with the experience a work injury?

Data from a WCB Manitoba-funded longitudinal study of young workers and safety (Tucker & Turner,
2017) were analyzed to address research hypotheses. The original purpose of the data was to
understand the safety experiences of young people during early stages of employment, a period marked
for its high rate of injuries (Breslin & Smith, 2006). However, the study also included measures of mental
health at each study wave. In particular, young Canadian workers completed monthly surveys (for up to
15 consecutive months) containing questions about their work-related injuries, mental health, and other
aspects of their work and non-work lives (e.g., safety attitudes and beliefs). We examine these data to
get a better sense of the trajectory of mental health prior to and following a work injury. To the best of
our knowledge, there is no comparable published research that examines this.

Young workers from Western Canada who participated in Tucker and Turner (2017) were the source of
data for the current study. The young workers were recruited either in-person, through contacts at high
schools, or through advertisements in a magazine. For those who met the age inclusion criteria (i.e.,
between 15-19 years old) and consented to participate, a monetary incentive was provided to increase
the likelihood of participation and retention at each wave. At each wave, participants completed online
surveys about individual and work-related questions, with primary variables of interest (i.e., work
injuries and mental health) measured at each time wave. A total of 162 teenagers signed up to
participate in the study, with 106 teenagers completing at least five consecutive surveys while employed
within the 15 waves of data collection. Given that only the first survey at the start of the 15 waves of
data collection contained questions about demographics, including age and gender, this information
was only available for 90 of the 106 participants. The average age of these 90 participants was 17.22
years old (SD = 1.17 years) at the first survey, with 56.7% reporting to be female and 43.3% reporting to
be male.

Descriptives. Participants responded to various descriptive questions at the initial wave of data
collection. These included their age in years, their gender (male, female), and their current employment
status. In each of the waves of data collection following the initial survey, participants were asked
whether they experienced a change in their employment status (e.g., whether they were still employed
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and whether they started a new main job). Age and gender were used for descriptive purposes and
employment status was used to prepare the data to be analyzed.

Work injuries. Participants responded to questions asking about whether they experienced any number
of common work-related injuries within the previous month. Among the types of injuries were strain or
sprain; scratch or abrasion; cut, laceration, or puncture; work-related burn or scald; and bruise or
contusion. Participants rated the frequency of these common injuries from 0 (never) to 4 (more than
five times). Both a binary and mean scale score were derived to test the proposed hypotheses and for
descriptive purposes, respectively.

Mental health. Participants responded to five questions from the General Health Questionnaire (Shevlin
& Adamson, 2005) asking about their general mental health within the previous month at each month.
Participants rated their response to items such as “felt reasonably happy” and “enjoyed day-to-day
activities” from 1 (never) to 5 (always). The scale was reversed, such that higher scores reflected worse
mental health. The internal reliability for the mental health scale was high (®time1 = .83, ®time2 = .84, Mtime3
= .87, Wtimea = .89, Wtimes = .91). McDonald’s (1999) Omega (®) was calculated to examine internal
reliability as recommended by Cortina and colleagues (2020), with scores above .70 representing
internally consistent responses (Viladrich et al., 2017).

High school students, aged 15-19, were recruited from across the province of Manitoba between April
and June 2011, with the majority residing in Winnipeg. This time was chosen to attract interest in the
study as it was just before students began summer jobs. High school principals were contacted and
asked to identify suitable grade 11 and 12 classes. In some cases, this involved a research assistant
visiting classrooms to explain the study to potential student participants.

To be eligible for the study, participants either had a job at the time of recruitment or indicated that
they were or would be searching for a job in the near future. Students were offered $10 for each
completed survey and multiple follow-up emails and phone calls were used each month to maximize
participant retention on a monthly basis. Participants received a cheque in the mail every three months
for up to a maximum of $30 (i.e., $10 per survey completion). Surveys were completed on-line, outside
of school hours, and took approximately 15 minutes to complete.

The survey was structured so that participants who were unemployed or were in-between jobs in any
given month were directed to respond to a unique set of survey questions appropriate for their situation
(e.g., related to their job search behaviours). Participants who were new to a job in a given month were
asked to fill out additional questions about their new position (e.g., sector, job title, nature of job-
related safety training) in addition to the regular questions employed participants completed each
month. All survey questions were asked in relation to the young worker’s main job (i.e., the job they
work the most hours at).
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The first survey was administered June 2011 (referred to as Wave 1) and the final survey was offered in
August 2012 (referred to as Wave 15). The participants’ surveys consisted of two broad categories of
variables: (1) those that were asked each month (these included work-related injuries and mental
health) and (2) those that were asked once or at regular intervals (e.g., once every three months).
Across the 15 months, participant surveys included questions related to 73 different variables. Variables
could be a single survey question/statement or comprised by multiple items from a validated measure.
For the purposes of the current study, only the stated demographic, employment, work injury, and
mental health variables were assessed.

Descriptive analyses were conducted first to determine rate of attrition and resulting usable data across
the 15-waves of data collection. Latent curve modeling within a structural equation framework (Bollen &
Curran, 2006) was chosen to test the proposed hypotheses. Latent growth curve modeling offers flexible
solutions to analyzing change over time, such as easily testing different trajectories of change and
comparison of change across groups. Work injury was treated as a time-invariant covariate (i.e.,
whether or not participants experienced an injury at time 1 and at time 5). As such, mental health and
work injuries were modelled to explain variance in residuals beyond that accounted for by the growth
curve of mental health throughout the course of the study (Curran et al., 2010). Analyses were
conducted using the software Mplus 8.4 (Muthén & Muthén, 2017).

Based on the retention rate, as well as recommendations for minimum number of time points (Preacher
et al., 2008) and sample size (MacCallum et al., 1996) for latent growth modelling, a total of five
consecutive time waves were used in the analyses to provide a sample size of over 100 participants.
Prior to analyses, the dataset was prepared in a hierarchical manner such that participants could have
multiple waves depending on variation in their employment status (11 participants of the final 106 had 2
observations, resulting in 117 observations for the current study). In the repurposed dataset, time 1
refers to the first survey completed by the participant upon initial employment (e.g., if a participant
started working at wave 3, this was considered time 1) or the first survey completed after any change in
employment (i.e., if a participant started a new main job or if a participant experienced a period of
unemployment between waves). Finally, any discontinuity in survey completion (i.e., incomplete waves)
reset a participant to time 1 upon their next employed survey completion given the high rate of
unemployment and job change over the course of data collection (See Table 5).
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Table 5. Completion rate, employment, and job change per wave (in percentage [%])

Month Jun  Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
Wave 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Completed 858 664 705 70.5 678 632 613 563 586 609 598 552 533 498 517
Employed 815 778 698 683 674 681 678 646 687 694 678 702 812 805 74.6
Job change --- 219 134 159 11.0 135 10.2 5.3 6.7 8.3 6.8 121 179 155 7.0

Note. Total N = 261 for completed, where percentage employed is only among those who completed survey, and percentage job change is only
among those who are employed.

See Table 6 for mental health and injury statistics over the course of the five time-points for participants
who met inclusion criteria. Further, see Figure 5 for the display of average scores on mental health
across the five consecutive time waves separated by whether participants had experienced an injury
within the period of the first time point or the final time point.

The study hypotheses proposed that the experience of a work injury at time 1 would be associated with
the intercept (Hypothesis 1) and slope (Hypothesis 2) of mental health, and that the slope of mental
health would be associated with the experience of work injury in time 5 (Research Question 1). Prior to
testing these hypotheses, a series of models were analyzed to assess the mean and variance for both
the intercept and slope of the mental health trajectory (see Table 2). Results from these models suggest
significant variance in the intercept between participants (estimate = .27, p < .001), but no significant
variance in the slope between participants (estimate = .01, p = .253). Consequently, there is insufficient
variance in the slope of mental health to test Hypothesis 2 and Research Question 1 via latent growth
curve modelling. Therefore, no support for Hypotheses 2 and Research Question 1 will be found in
subsequent analyses without significant variance, and subsequent analyses will be limited to testing
Hypothesis 1.

Results for the model fit for the latent growth model testing Hypothesis 1 showed good fit to the data:
x? (18) = 26.07, p = .098, comparative fit index (CFl) = .95, root mean square error of approximation
(RMSEA) = .06, standardized root mean square residual (SRMR) = .07. Further, results show that the
experience of an injury at time 1 was positively associated with the intercept of the mental health
trajectory (estimate = .21, p = .038).
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Table 6. Means, standard deviations, and correlations between study variables.

Time 1 Time 2 Time 3 Time 4 Time 5
Variable M SD N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
5’ 1. Age 1721 118 98 -
g 2. Gender 43 .50 99 -.01 -
3. Mental
Health 2.04 .73 117  .32*%* 05 -
4. Injury
(mean) 33 .54 117 .14 13 .10 -
5. Injury -
(binary) .57 .50 117 .07 .05 .09 S4xEx
5 6. Mental
z Health 1.98 .66 117 .07 12 .49%** 05 A1 -
7. Injury
(mean) 28 .37 117 -.07 A1 .07 S7¥FF 0 48%** 04 -
8. Injury -
(binary) 56 .50 117 -.06 .08 .02 37¥¥*  55¥x*x 01 JO¥** -
5 9. Mental
g Health 2.08 .70 117 a7° .05 .e2*** 07 .20%* .69**¥* 08 .09 -
10. Injury
(mean) .23 .30 117  -.02 .02 .06 A3xEE - G3FxX 12 B2¥¥*k  4g8¥*x 17 -
11. Injury -
(binary) .52 .50 117 .10 A1 .01 A2¥¥* - 63%¥* 00 0 b Y A .07 T4¥**
el 12.
1 Mental
Health 2.07 .70 117 .24* .06 .48*** 10 .18* AQ¥FX 99% .19* AT7*** 0 17° .10 -
13. Injury -
(mean) 26 41 117 -.10 .03 -02 27%* 31*** 03 AT7FFE O 41¥F* 202 BO***  43%** 05 -
14. Injury -
(binary) 50 .50 117 -.10 .02 -04 33%Fk 0 49%xx 04 A0***  46%** 06 S4xFEk - 49¥*kx 11 B4xEE
el 15.
® Mental
Health 2.16 77 117 .14 .05  47*%*¥*% Q3% .18* B5**¥*  19% .20%* .B4*** - 18¢ .14 58**¥* 02 11 -
16. Injury
(mean) 32 46 117 -.07 .07 .04 22% 31*** 15 AB¥¥X 3G¥kx .16* .60 A9**¥* 15 S3¥kx pgkxx o 17
17. Injury
(binary) .54 .50 117 .03 .01 -.05 33%kx A5¥** 06 37¥F* 0 A1%** 03 .54 S55%*%% 10 Y Y £ kel i § B4F**

Note. *p<.10, * p< .05, ** p<.01, *** p <.001.
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Table 7. Means and variances of intercept and slope of mental health trajectory.

Model 2, df Ay? Intercept Intercept Slope Slope Intercept- Residual Aresidual
mean variance mean variance Slope covar’ variance variance

1. fixed intercept, 195.00,  ---- 2065 - e e e 507 -
no slope 18
2. Intercept 27.66, 167.34 2.065 279 e e 228 55%
variance, no slope 17 p <

.001
3. Intercept 24.07, 3.59, 2.002 279 032 e 226 A%
variance, fixed 16 p<.10
slope
4. Intercept and 21.97, 2.1, 2.002 273 .032 .007 -.004 .209 3.4%
slope variance 14 p>.10
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Figure 5. Mental health trajectories by initial injury status (top) and final injury status (bottom)
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Given the lack of variance in the slope of mental health, a cross-lagged model between work injuries and
mental health was examined to test the bi-directional relationship between mental health and work
injuries on a month-to-month basis while accounting for auto-regressive (i.e., prior levels) effects. Given
it is not necessary for all participants to have completed consecutive survey for this type of analysis (i.e.,
allowing for missing data) and the capacity for regressions to handle missing data, the sample for this
analysis included 169 young workers. Results of the cross-lagged model can be found in Figure 6. As can
be seen, only one significant cross-lagged effect emerged between time 1 work injury and time 2 mental
health problems (estimate = .16, SE = .06, p = .011, 95% Cl: .04, .29). Overall, these results lend some
evidence for Hypothesis 1, but again do not provide any support for Hypothesis 2. Further, the lack of
association between prior mental health problems and subsequent injury adds evidence to an answer
for Research Question 1.

49%** 55%H* T8*** .60*

WRKINJ t1 WRKINJ t2 WKRINJ t3 WRKINJ t4 WRKINJ t5

MHP t2 MHP t3 MHP t4 MHP t5
54x** TO¥*E 5O*** BE***

MHP t1

Note. * p<.05, ** p<.01, *** p <.001. WRKINJ = work injury, MHP = mental health problems.
Figure 6. Cross-lagged model between work injuries and mental health problems.

Results from the current study suggest that across five time points, young workers may have different
levels of mental health, but the change in mental health over the course of five months does not differ
significantly between participants. Importantly, individuals who experienced work injury at time 1 also
experienced worse mental health, both in terms of the starting point of the trajectory (i.e., the
intercept) and after one-month post-injury. However, the experience of work injury was unrelated to
the trajectory of mental health over the course of the study, while the trajectory of mental health was
unrelated to the experience of work injury at time 5.

The largest limiting factor of the current study was the lack of variance between participants in the slope
of their mental health over the course of the study. One potential explanation for this is the power of
the current study to detect such variation in change given the sample size and number of waves
available to test the latent growth curve of mental health. In other words, the lack of findings in the
current study may be a result of the statistical power to test the proposed hypotheses. This is
particularly clear in Figure 5 given the visual distinction in mental health over the course of the five
waves between participants who experienced a work injury at time 1 and those who did not experience
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an injury at time 1. Further, as was highlighted in the literature review, the studies that tended to find to
differences in mental health following an injury over shorter periods of time were those studies that had
smaller sample sizes.

Despite the lack of findings with the latent growth curve model, this study nevertheless adds important
information about the frequency and variation of work injuries and mental health over the course of
consecutive employment among younger workers. It is noteworthy that the number of injuries
experienced by young workers was substantial in the current study and warrants further attention in
future research. Indeed, over half of the sample experienced at least one work injury at each time wave
(range: 50.4% to 57.3%).

While the trend in injuries is worrisome, the trend of mental health across the five waves does suggest
that the sample was relatively stable and tended to experience good mental health (average mean
ranged from 1.98 to 2.15 on a scale from 1 to 5, with lower scores reflecting better mental health).
However, this trend was among those participants who were consistently employed across at least five
waves of data collection. Future research is needed to better understand the role that the frequent
unemployment and employment instability within young workers has on both their mental health and
their tendency to experience work injuries because of this variation. While not the focus of the current
study, this trend was noticed in data preparation and worthy of attention at another time.

This study addresses the limitations of the meta-analysis (i.e., lack of nuance) and the population study
(i.e., older age range), but again also has its own limitations. First, this study is limited to young workers
only, resulting in a similar but complementary limitation to Study 2 in its focus on older workers. Second,
while there was a sufficient sample size to examine five time-points, the resulting statistical power may
have limited the ability to detect smaller effect sizes. Finally, the analyses were limited to those
participants who were consistently employed throughout the course of the five time points. This in turn
means that any injuries severe enough to warrant temporary unemployment were excluded. This study
primarily focused on minor injuries, which may be less impactful on young worker mental health than
more severe work injuries would be.

In this study, we summarized the existing longitudinal research examining shorter time intervals studies
of the relationship between mental health problems and work injuries. Beyond this contribution, we
also tested the mental health trajectory of young workers and found that there was variation in mental
health within our sample, but only at individual time points, whereas the slope of mental health or the
rate of change of mental health between young workers in our sample, was found not to vary
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significantly. This study provides insight into the mental health of young workers and their experiences
of work injury.
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Implications from the Three Studies into
Workplace Injury and Mental Health

Advancing a more holistic assessment of physical and mental health in the workplace

The three studies commissioned by WorkplaceNL lead us to take a more holistic and nuanced view of
the relationship between workplace injury and mental health. The implications for ongoing research and
for practical intervention in occupational health and safety are detailed below.

Research and practical implications from Study 1: A meta-analysis of existing knowledge

First, the meta-analysis (Study 1) can be a guide for future researchers measuring both work injuries and
mental health problems. In future studies, researchers should try to enrich binary measures of
workplace injuries:

e by having more meaningful measures that capture both the perceived and clinical severity of
injuries,

e or by capturing follow-up details on a present injury such as its perceived severity as rated by the
worker compared to objective independent ratings (e.g., from medical professionals) to find which is
more strongly associated with prior and subsequent mental health problems.

Similarly, researchers should avoid oversimplifying continuous mental health measures, such as pain or
injury severity, into a binary output. Even if researchers choose to dichotomize a continuous variable,
the descriptive statistics of and correlations with its continuous form should also be provided to inform
future meta-analyses.

Second, this meta-analysis demonstrates that the linkage between previous work injuries and
subsequent mental health problems is stronger than the linkage between previous mental health
problems and subsequent work injuries. Accordingly, this finding should encourage research examining
the short and long-term impacts of work injuries.

Typically, research on work injuries has treated them as physical events to be measured, managed, and
mitigated. However, studies examining the potential psychological consequences of work injuries point
the way towards new occupational health practices.

WORK INJURIES AND MENTAL HEALTH | UNIVERSITY OF CALGARY 85



For instance, the current meta-analysis provides evidence that a greater emphasis on psychological
rehabilitation alongside physical rehabilitation in return-to-work programs would be appropriate.

Third, since visible minority status magnifies the association between work injuries and mental health
problems, more research is needed to find out why.

In practical terms, organizations which employ greater numbers of visible minorities need to be
more aware of this lack of protection, and employees should be made aware of their right to report
injuries.

Further, organizations could highlight opportunities for support during the post-injury process such
as advice on completing workers’ compensation claims. From a policy perspective, governing bodies
may want to direct limited resources to ensuring employers are providing these protections to
minority workers through inspections and enforcement.

Study 2 highlights the importance of cognition in explaining the two-way relationship between work
injuries and mental health problems which has theoretical and practical implications for occupational
health and safety, and for rehabilitation.

Psychological rehabilitation following physical injuries may help improve recovery and reduce
associated costs.

In preparing psychological interventions, the cognitive mechanisms examined in this study should be
targeted, especially negative and maladaptive cognitions. By visualizing these changeable
mechanisms, it may be possible to counteract the association between work injuries and
subsequent mental health challenges.

From a theoretical point of view, the way we think about physical injuries may be limiting our ability to
better understand the psychological experience of them.

86

Recent research into moral injuries — “the extent to which individuals appraise themselves as
victims of another’s transgressive behavior, leading to betrayal-based problems” (Griffin et al., 2019)
— and the growing rate of compensation claims for mental health-related disabilities require us to
rethink the boundaries between physical and psychological well-being and how work and
employment shapes the connection.

A better understanding of physical and psychological health is important for safe and productive
workplaces.

Study 2 raised concerns that we have insufficient insight into the specific experience of older
workers when it comes to workplace injury and mental health problems. Similarly, the research
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raises questions around the types of workplaces where injuries are more likely to take place. Future
research might be directed to answering these broader questions.

Research implications from Study 3: tracking the prevalence of mental health problems
over time amongst young workers

Study 3 offers insight into the frequency and variation of work injuries and mental health among
younger workers over 15 months: over half of the sample experienced at least one work injury at each
time wave. Such a significant rate of injury warrants further attention in future research of young
workers.

e The trend of mental health across time does suggest that the group experienced good mental
health. But this trend was among employed participants. Future research should seek to better
understand the impact of frequent unemployment and employment instability on young workers’
physical and mental health.

WORK INJURIES AND MENTAL HEALTH | UNIVERSITY OF CALGARY

87



