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Objectives In a cohort of workers disabled by a work-related injury or illness, this study aimed to: (i) compare
pre-injury prevalence estimates for common chronic conditions to chronic condition prevalence in a representa-
tive sample of working adults; (ii) calculate the incidence of chronic conditions post-injury; and (iii) estimate the
association between persistent pain symptoms and the incidence of common chronic conditions.

Methods Eighteen months post-injury, 1832 workers disabled by a work-related injury or illness in Ontario,
Canada, completed an interviewer-administered survey. Participants reported pre- and post-injury prevalence of
seven physician-diagnosed chronic conditions, and demographic, employment, and health characteristics. Pre-
injury prevalence estimates were compared to estimates from a representative sample of workers. Multivariable
logistic regression was used to examine the association of persistent pain with post-injury chronic condition
incidence.

Results Age-standardized pre-injury prevalence rates for diabetes, hypertension, arthritis, and back problems
were similar to prevalence rates observed among working adults in Ontario, while prevalence rates for mood dis-
order, asthma and migraine were moderately elevated. Post-injury prevalence rates of mood disorder, migraine,
hypertension, arthritis, and back problems were elevated substantially in this cohort. High persistent pain symp-
toms were strongly associated with the 18-month incidence of these conditions.

Conclusions The incidence of five chronic conditions over an 18-month follow-up period post injury was sub-
stantial. Persistent pain at 18 months was associated with this elevated incidence, with population attributable
fraction estimates suggesting that 37-39% of incident conditions may be attributed to exposure to high levels
of persistent pain.
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working-age adult.

One of every six injuries requiring medical attention
among working-age adults in North America are caused
by work exposures (1). Injuries and illnesses caused
by, or associated with, work exposures have substantial
societal economic impact in both developed (2) and
developing countries (3). Globally, they account for
more than 3% of all disability-adjusted life years in
the world’s population (4). The approximately 35% of
work-related injuries and illnesses that result in periods
of disability and work absence are responsible for the
majority of this economic burden (2).
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Work-related injuries also result in consequences to
workers’ long-term health, including deficits in physical
health (5), mental health (6), and the onset of chronic
conditions (7). The relationship between traumatic
injury and chronic conditions has largely been examined
from two research perspectives. From a first perspective,
injury epidemiology in workplace and non-workplace
settings has assessed the degree to which the risk of
traumatic injury is increased among adults with preva-
lent chronic condition disorders or sensory impairments
(8-11). For example, a study based on national cross-
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sectional survey data found that working-aged Canadi-
ans with arthritis or back problems were at increased risk
of experiencing a work-related injury (8). Underlying
this perspective is that there may be pre-existing factors,
which predispose a worker to both a chronic condition
and a work-related injury. From a second perspective,
clinical epidemiology studies have documented the
degree to which recovery and rehabilitation follow-
ing traumatic injury are impaired among patients with
pre-existing chronic conditions (12, 13). This literature
suggests that injured workers who were previously diag-
nosed with depression, diabetes, coronary heart disease,
or osteoarthritis experience longer durations of wage
replacement benefits (13, 14).

Less attention has been given to a third perspective:
the extent to which traumatic injury may predispose or
accelerate the incidence of chronic conditions among
working-aged adults. In one study of young US veter-
ans, comparing 10 000 combat-injured personnel to a
matched cohort with no combat injury, there was a mod-
erately elevated incidence of hypertension and diabetes
among the combat-injured over a median follow-up
period of approximately eight years (15, 16). Other stud-
ies have assessed the prevalence of chronic conditions
following injury. For example, among a longitudinal
cohort of US construction workers, the prevalence of
hypertension, arthritis, diabetes, back problems, and
depression assessed at 40 years of age was elevated
among workers who experienced a traumatic work-
related injury in the preceding 10 years compared to
non-injured workers (17). An elevated prevalence of
mood disorders following work-related injury has also
been found in both short and long follow-up durations
in longitudinal cohorts (6, 18-21).

Among the consequences of traumatic injury is a
substantial incidence of persistent or chronic pain (22).
In a recent analysis of the cohort of workers used in
this current study, 24.9% reported severe pain intensity
with substantial functional impairment in an interview
18-months post-injury (23). The prevalence of severe
persistent pain in this cohort is approximately six times
higher than in Canadian and US adult populations,
where 4% of adults experience persistent pain with
substantial functional impairment (24, 25). There is
a growing recognition of the etiologic contribution of
traumatic injury to the population burden of chronic
pain, leading to proposals to revise the classification of
chronic pain in ICD-11 to include ‘chronic post-surgical
and posttraumatic pain’ as one of seven etiologic catego-
ries (26). One specific syndrome associated with chronic
pain, posttraumatic arthritis, is estimated to account
for 10-12% of all cases of symptomatic osteoarthritis
among adults, where persons who sustain a traumatic
knee injury are four times more likely to develop osteo-
arthritis than those without a history of knee injury (27).
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This study pools two samples of workers experienc-
ing a disabling work-related injury or illness to esti-
mate the association between persistent pain 18 months
post-injury and the incidence of physician-diagnosed
chronic conditions. The study has three objectives: to
(1) compare pre-injury prevalence of common chronic
conditions to chronic condition prevalence in a repre-
sentative sample of working adults, (ii) calculate the
incidence of chronic conditions post-injury, and (iii)
estimate the association between persistent pain symp-
toms and the incidence of common chronic conditions
in the 18-month period post-injury. The study design
oversampled disability benefit recipients with longer
duration disability episodes and incorporated measures
obtained at baseline from administrative records of
workers’ compensation benefits with measures obtained
from interviews with cohort members 18 months follow-
ing the incidence of disabling injury or illness.

We hypothesized that, once taking into account
the length of claim duration, the prevalence of chronic
conditions among cohort members before the disabling
injury would be equivalent to prevalence rates observed
in a representative sample of working adults in this
setting. We also hypothesized that high persistent pain
symptoms would be associated with a greater probabil-
ity of incident chronic conditions (28). The incidence
of chronic conditions in an 18-month follow-up period
among cohort members may potentially be related to
two contrasting mechanisms. First, the therapeutic man-
agement of a work-related injury may include diagnostic
testing that results in a diagnosis of previously unrecog-
nized disorders. Second, an increase in the frequency of
diagnosed chronic conditions may be due to disorders, or
lifestyle changes increasing the risk of disorders, that are
secondary to the work-related injury. For example, trau-
matic injury to the musculoskeletal system may result
in an increase in the diagnosis of posttraumatic arthritis
or injuries resulting in persistent pain may result in an
increase in the diagnosis of migraine or mood disorder.

Methods

Setting

Approximately 70% of the seven million labor force
participants in Ontario, Canada are employed by orga-
nizations that have a mandatory obligation to obtain
work disability insurance coverage from the publicly
administered, single-payer workers’ compensation
insurance authority: the Workplace Safety & Insur-
ance Board (WSIB). The WSIB administers benefits to
entitled workers, covering medical care services and
the provision of wage replacement benefits for workers
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whose recovery from a work-related injury or illness
requires absence from work. In 2018, the WSIB admin-
istered benefits for approximately 200 000 compensation
claims, of which 67 000 were claims resulting in one or
more days absent from work.

Sample

The Ontario Life After Work Injury Study (OLAWIS)
pools information from two cohorts of workers in
Ontario, Canada, who were disabled by a physical work
injury or illness (herein referred to simply as injury) and
received wage replacement benefits. Both cohorts were
comprised of Ontario workers >18 years old, who were
employed by an insured employer, able to conduct an
interview in English or French, and had experienced a
physical work-related injury or occupational disease that
resulted in a WSIB accepted compensation claim for
wage replacement benefits. To obtain sufficient represen-
tation of more serious and complex disability episodes,
participants with longer wage replacement durations of
three months or greater were oversampled. Workers with
wage replacement benefit durations of one day to three
months, representing 85% of all accepted claimants in
this setting, comprised 41% of the combined sample.

Participant recruitment for the first cohort,
OLAWISI, occurred between June 2019 and March
2020, among workers disabled by a work-related injury
in the period from January to October 2018. From
randomly sampled monthly quotas of lost-time claim-
ants meeting eligibility criteria, 2816 claimants were
contacted, of which 1132 completed an interviewer-
administered telephone interview (40.2% of eligible
claimants). Among participants, 358 (31.6%) were in
the short-duration claim sample and 774 (68.3%) were
in the long-duration claim sample. More details on the
OLAWISI study cohort may be found elsewhere (29).

Participant recruitment for the second cohort,
OLAWIS2, occurred over the period September to
November 2021. From a census of all claimants dis-
abled by a work-related injury or illness in January or
February 2020, 2309 randomly sampled claimants were
contacted, of which 700 claimants (30.3% of eligible
claimants) completed interviews. Among OLAWIS2
participants, 395 (56.4%) were in the short-duration
claim sample and 305 (43.6%) were in the long-duration
claim sample.

Compared to potential participants who consented to
the study but did not complete the survey, no differences
were present in terms of age, gender, geographic loca-
tion, industry, and employer size. However, duration of
benefits was slightly longer among participants versus
non- participants. Of those participants who completed
the survey, a greater proportion of participants with
medium (3-12 month) and long-term (12—18 months)
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claims agreed to link their survey response with their
administrative claim data.

The present study included all cohort members of the
OLAWIS1 (N=1132) and OLAWIS2 cohorts (N=700),
1832 participants. The Health Sciences Research Ethics
Board at the University of Toronto granted Research
Ethics Board approval (Protocols 37525 and 41560).

Data sources

OLAWIST and OLAWIS2. Primary outcome measures and
potential predictors of the primary outcomes were drawn
from WSIB administrative records and an interviewer-
administered telephone questionnaire 18 months after the
original injury occurred. Information from an 18-month
follow-up of administrative records of work disability
insurance benefits, providing a measure of the nature of
injury, was linked with the information obtained from
the interviewer-administered questionnaire — 94% and
84% of OLAWIS1 and OLAWIS?2 participants, respec-
tively, consented to this linkage. To maximize statistical
power, the two cohorts have been pooled.

Canadian Community Health Survey. The Canadian Com-
munity Health Survey (CCHS) is an ongoing series of
cross-sectional health interview surveys administered
approximately every two years by Statistics Canada,
the Canadian federal statistics agency (30). Using a
multi-staged, stratified sampling frame, the CCHS target
population consists of household residents aged >12 years
old who are living in private dwellings in all Canadian
provinces and territories. The survey sample design and
core content have remained largely unchanged during the
series of surveys starting in 2001. In this study, the CCHS
analysis sample was drawn from the 2015-2016 survey
cycle, restricted to 13 700 Ontario adults 20-64 who
reported working >15 hours in the week of the survey.

Study measures

Chronic conditions. The measure of self-reported preva-
lence of chronic conditions applied to the OLAWIS
cohorts replicated the questionnaire wording in the
CCHS, asking respondents: “Now I’d like to ask about
certain long-term health conditions which you may have.
We are interested in long-term conditions which are
expected to last or have already lasted >6 months and
that have been diagnosed by a health professional.” The
analysis reported in this study focused on seven condi-
tions with substantial prevalence among working-aged
adults: diabetes, mood disorder, asthma, migraine, hyper-
tension, arthritis, and back problems. For each chronic
condition, response options in OLAWIS included: “No”,
“Yes, condition present before the work injury”, or
“Yes, condition present after the work injury”. In the



present study, we focus on both prevalent conditions
(ie, those that occurred before the work-related injury),
and incident conditions (those that occurred after the
work-related injury).

The validity of physician-diagnosed chronic condi-
tions obtained from survey respondent self-report has
been extensively evaluated in comparison to reference
standards based on clinical diagnostic evaluation (31)
and diagnostic information reported in health care uti-
lization records (31-34). While these studies typically
document a degree of discordance between measurement
methods, there is, in general, a consensus that self-
reported prevalence information on chronic condition
prevalence is valid for population-based surveillance of
chronic conditions (32-34).

Persistent pain interference, OLAWIS participants were
asked about current levels of pain interference with
normal activities (“During the past 4 weeks, how much
did pain interfere with your normal work (including both
work outside the home and housework)?”), to which par-
ticipants could respond: not at all, a little bit, moderately,
quite a bit, or extremely (35).

Demographic, work, health, and injury variables. The factors
explored as covariates of the relationship between per-
sistent pain and incident chronic conditions in this study
include participant age, sex, highest level of education,
employment status 18 months post-injury (permanent,
temporary, not working), and the industry in which one
was working in at the time of the injury. In the survey,
participants were also asked about their healthcare
experience, including if they were currently receiving
healthcare for their injury. Nature of the work-related
injury was obtained from administrative records, classi-
fied in five categories: superficial or open wound; sprain,
strain or dislocation; fracture; internal injury (including
concussion); or other. Those not agreeing to the use
of their administrative records were coded as a “miss-
ing” category for analyses. We also included cohort
(OLAWIS 1 or 2), as well as length of benefit duration
(<3 months) as covariates.

Analysis

Cohort-specific pre-injury and post-injury prevalence
rates for seven chronic conditions were calculated, age-
standardized to the age distribution of Ontario workers
in the CCHS. Applying the Fay method, 95% confidence
intervals (CI) were computed (36).

The distribution of demographic, work, health, and
injury measures were estimated for incident cases of
asthma and for incident cases of three groups of disor-
ders: arthritis and/or back problems, hypertension and/or
diabetes, and mood and/or migraine disorders. Disorders
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were grouped together due to their common etiology and
co-occurrence (37-39). As the focus of analysis were
incident cases of chronic conditions diagnosed after the
work injury, participants who reported having the condi-
tion prior to the work injury were excluded.

For the three incident chronic condition groups,
logistic regression was used to calculate crude odds
ratios of the association with persistent pain, as well as
adjusted odds ratios from models including all covari-
ates [crude odds ratios (OR) are available in the supple-
mental file]. Due to the small number of cases (N=18),
incident asthma was excluded from these analyses. All
analyses were weighted by the probability of selection
to account for the oversampling of longer duration dis-
ability episodes. Sample weights were calculated as the
inverse of the sampling fraction, which is estimated as
the number of survey participants in a sample group
divided by the number of eligible claimants in the sam-
ple frame. Sample weights were normalized. Analyses
were completed in R software (version 4.2.0).

Regression analyses were conducted using a com-
plete case framework. As such, the regression for inci-
dent arthritis or back pain included 1695/1720 eligible
participants (observations missing from analysis, N=
25; incident cases missing from analysis due to missing
covariate information, N=3). The logistic regression for
incident hypertension or diabetes included 1728/1753
eligible participants (observations missing from analy-
sis, N=25; incident cases missing from analysis due to
missing covariate information, N=3), and the regres-
sion for incident migraine or mood disorder included
1739/1763 eligible individuals (observations missing
from analysis, N=24; incident cases missing from analy-
sis due to missing covariate information, N=4).

Population attributable fractions, estimating the
fraction of incident chronic conditions attributable to
exposure to severe persistent pain, were calculated
from adjusted OR obtained from multivariable regres-
sions (40). The formula applied was the product of the
percent of incident chronic condition cases exposed to
persistent pain multiplied by (1 — 1 /OR), where the OR
was obtained from multivariable regressions.

Results

Table 1 reports the pre- and post-injury prevalence rates
for seven common chronic conditions, stratified by the
two OLAWIS cohorts and compared to the represen-
tative sample of working adults in Ontario. In both
cohorts, the age-standardized pre-injury prevalence rates
for diabetes, hypertension, arthritis, and back problems
were similar to prevalence rates observed among work-
ing adults in Ontario. Conversely, in both OLAWIS
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Table 1. Prevalence of seven chronic conditions pre-injury and 18 months post-injury: self-reported physician diagnosis Ontario Life After Work
Injury Study (OLAWIS) cohort compared to working adults [Canadian Community Health Survey (CCHS)], Ontario. /talic Highlighting: Pre-injury
chronic condition prevalence statistically higher in OLAWIS cohorts than CCHS working adults. Bold highlighting: post-injury chronic prevalence
statistically higher than pre-injury prevalence in OLAWIS cohorts.

CCHS OLAWIST @ OLAWIS2?
Pre-Injury Post-Injury Pre-Injury Post-Injury
Cases Rate/100 Cases Rate/100 95%Cl Cases Rate/100 95%Cl  Cases Rate/100 95%Cl Cases Rate/100 95% Cl
Diabetes 653 4.8 94 6.1 4.8-7.7 108 7.0 5.6-8.7 59 6.2 46-83 71 7.4 5.6-9.6
Mood disorder 852 6.2 120 115  94-139 216 194 16.7-224 81 7129 10.71-16.2 131 20.7 17.2-24.8
Asthma 1067 7.8 135 133  11.7-159 145 140 11.6-166 83 126 9.9-158 91 13.7  10.9-17.0
Migraine 1555 11.3 191 18.4 15.7-21.4 296 28.5 25.2-32.3 106 15.9 12.9-19.4 188 28.7 24.6-334
Hypertension 1622 11.8 168 10.8 9.1-12.8 223 14.7 12.7-17.0 107 11.4 9.2-141 1M 16.0 13.4-19.2
Arthritis 1887 13.7 190 140 11.9-16.4 336 248 22.0-280 96 11.5  9.2-143 163 19.1  16.0-22.6
Back problems 2321 16.9 188 151 12.8-17.7 379 32.3 28.8-36.0 121 16.2 13.3-19.7 225 31.7 27.4-36.4

20LAWIST and OLAWIS2 prevalence rates age-standardized to CCHS age distribution.

cohorts, the age-standardized pre-injury prevalence rates
for mood disorder, asthma and migraine were moder-
ately elevated compared to Ontario working adults.

For diabetes and asthma, age-standardized preva-
lence rates 18 months post-injury were equivalent to the
pre-injury prevalence rates in both OLAWIS cohorts.
However, the post-injury prevalence rates were sub-
stantially elevated for five conditions in both OLAWIS
cohorts, representing the incidence of new physician
diagnosis over the 18-month period. The prevalence
rate for mood disorders increased from 11.5-12.9/100
pre-injury to 19.4-20.7/100 post-injury. The prevalence
rate for migraine disorder increased from 15.9-18.4/100
pre-injury to 28.5-28.7/100, hypertension from 10.8—
11.4/100 to 14.7-16.0/100, arthritis from 11.5-14.0/100
to 19.1-24.8/100 and back problems from 15.1-16.2/100
to 31.7-32.3/100.

Table 2 presents the distribution of demographic,
employment, and health characteristics for incident
chronic conditions post-injury. In the pooled cohorts,
there were 18 incident cases of asthma, 213 incident
cases of arthritis or back problems, 89 incident cases
of hypertension or diabetes and 191 incident cases of
migraine or mood disorder over the 18-month period
post-injury. Although the distribution of incident asthma
cases is reported in table 2, we have omitted further
description here due to the small number of cases. Inci-
dent cases of arthritis/back problems and hypertension/
diabetes were more common among older participants,
and incident migraine/mood disorder more common
among younger participants. In these three chronic
condition categories, incident cases were more com-
mon among participants reporting high levels of pain
interference with normal activities, among participants
continuing to receive health care for treatment of the
work-related injury and among participants who were
not working at the 18-month interview post-injury.
Additionally, incident cases in all three chronic condi-
tion categories were more likely to be members of the
long benefit duration sample group.
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Table 3 reports the weighted, adjusted OR between
persistent pain and the three incident chronic condition
groups (arthritis and back problems, diabetes and hyper-
tension, and migraine and mood disorders). The odds of
reporting incident arthritis or back problems post-injury
were higher among participants experiencing moderate
levels (OR 3.82, 95% CI 1.83-7.97) or high levels (OR
7.71, 95% CI 3.47-17.13) of persistent pain. Similarly,
the odds of reporting incident hypertension or diabetes
post-work injury were elevated among participants
experiencing high levels of persistent pain post-injury
(OR 5.96, 95% CI 2.38-14.94) and the odds of reporting
incident mood or migraine disorders post-injury were
elevated among participants reporting moderate (OR
2.83, 95% CI 1.36-5.87) or high levels (OR 7.86, 95%
CI 3.49-17.70) of persistent pain 18 months post-injury.

Applying established approaches (40) for estimat-
ing the fraction of incident chronic conditions that may
be attributed to persistent pain suggests that 37.0% of
incident cases of arthritis or back problems, 38.2% of
incident cases of hypertension or diabetes and 39.9%
of incident cases of migraine or mood disorder may be
attributed to exposure to high levels of persistent pain.

Supplementary table S1 (www.sjweh.fi/arti-
cle/4096) reports unadjusted OR for the association of
independent variables and incident chronic conditions,
which were generally similar in magnitude to fully
adjusted estimates.

Discussion

In this sample of 1800 workers disabled by a work-
related injury or illness, the prevalence of seven com-
mon chronic conditions pre-injury were either higher, or
similar to prevalence estimates in a representative sam-
ple of working adults in the same setting. However, the
incidence of five chronic conditions over the 18-month
follow-up period was substantial in this cohort. After
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Table 2. Distribution of independent variables, by incident chronic condition type, weighted sample. [M=mean; SD=standard deviation]
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Overall Incident cases: Incident cases: Incident cases: Incident cases:
sample asthma arthritis hypertension or migraine or mood
or back problems diabetes disorder
% % % SD N % M SD N % SD
Cases, weighted ? 77 155
Cases, unweighted 89 191
Sample, unweighted ® 1753 1763
Claimant age 52.7 10.8 509 11.2 422 124
Pain intensity
None 28.4 16.1 9.0 13.9 12.6
Alittle bit to moderate 453 45.6 45.7 38.4 40.4
Quite a bit to extremely 25.8 38.3 45.0 47.8 46.7
Missing 0.5 0.0 0.3 0.0 0.3
Age category (years)
<40 333 16.1 14.6 16.4 47.3
40-49 19.6 8.9 13.9 14.5 171
50-59 30.1 57.8 44.4 46.3 28.1
>60 17.0 17.3 271 22.8 7.5
Sex
Male 51.9 39.4 50.6 57.4 43.6
Female 47.9 60.6 49.4 42.6 56.4
Other/not specified 0.2 0.0 0.0 0.0 0.0
Nature of injury
Sprain, strain, or dislocation 45.5 41.4 46.0 36.7 36.1
Fracture 10.4 14.5 14.2 8.0 6.7
Superficial or open wound 14.1 29.9 12.6 17.6 7.4
Internal injury 135 0.0 10.2 15.7 31.0
Other 35 0.0 1.1 2.5 1.6
Missing 13.1 14.2 15.9 19.6 171
Highest level of education
Less than high school 24.4 3.4 23.3 19.1 271
High school completed 6.0 3.0 8.6 10.0 3.6
College or trade certificate/diploma 30.8 47.6 29.6 28.8 242
University degree 38.3 46.0 374 37.7 43.4
Missing 0.5 0.0 1.1 44 1.6
Currently accessing healthcare for injury
No 61.6 58.9 52.5 53.2 454
Yes 233 25.0 35.8 30.1 435
Not applicable 15.1 16.1 11.8 16.7 111
Current employment type
Permanent 69.8 78.4 64.9 71.7 64.3
Temporary (casual/contract/seasonal) 7.9 8.0 5.8 5.4 8.8
Not working 22.1 13.6 29.3 16.9 26.9
Missing 0.2 0.0 0.0 0.0 0.0
Current work status
Working, same job 52.7 62.3 47.8 54.0 429
Working, different job, same employer 7.7 16.1 10.4 17.8 9.7
Working, different employer 17.4 8.0 12.5 11.2 20.5
Not working 22.1 13.6 29.3 16.9 26.9
Industry
Healthcare and social assistance 16.5 219 134 15.8 18.6
Construction, utilities, mining, agriculture 12.6 16.1 125 11.6 13.0
Transportation & warehousing 14.1 25.6 16.3 13.6 11.8
Manufacturing 10.5 3.4 9.7 10.8 6.9
Other services (except public admin) 10.4 0.0 9.0 17.9 9.3
Retail, wholesale trade 8.6 16.1 7.9 9.5 9.7
Educational services 10.4 0.0 10.8 114 13.2
Accommodation/ food services/ arts 8.0 0.0 7.5 6.9 9.7
Public administration 6.1 17.0 8.8 25 5.0
Other 2.5 0.0 4.0 0.0 2.8
OLAWIS2 cohort 43.8 49.3 39.3 441 50.3
Benefit duration (>3 months) 35.4 27.7 42.2 37.6 443
2Proportions calculated in the weighted sample. Rounded proportions are presented.
® Pre-injury cases removed from sample.
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adjusting for demographic, health, and work-related
factors, moderate and high levels of persistent pain at
18 months were associated with elevated chronic condi-
tion incidence.

The elevated incidence of five chronic conditions
following a work-related injury or illness reported in this
study is consistent with findings from other occupational
cohort studies (6, 16, 17, 19). Empirical research in
this field is not extensive, reflecting the challenges in
implementing prospective occupational cohort studies
that jointly ascertain the incidence of traumatic injury
and the post-injury incidence of chronic conditions.

The prevalence of persistent pain among participants
in this cohort was substantial, even after taking into
account the oversampling of longer duration claims.
The prevalence of severe persistent pain (pain reported

in the last month) was roughly six times higher than the
prevalence of high impact chronic pain (pain lasting >3
months) in adult populations in North America (23-25).
Population attributable fractions were in the high 30%
range for each chronic condition group studied. Severe
persistent pain symptoms may be related to both causal
hypotheses articulated in the introduction of this paper.
Workers experiencing persistent pain symptoms will
likely have more frequent health care encounters, which
in turn may increase the probability of diagnostic inves-
tigation by health care providers and resulting diagnoses
of previously unrecognized conditions. Alternatively,
persistent pain may exacerbate or accelerate the onset
of incident chronic conditions that are secondary to
the original traumatic injury (41). For example, there
is a well-established etiologic relationship between

Table 3. Associations between persistent pain and incident chronic conditions, weighted logistic regressions, adjusted for all variables. Bold values
indicate statistically significant estimates at the o = 0.05 level. [NA=insufficient sample size to estimate parameter. -- indicates collinear estimate].

Arthritis & back problems Hypertension and diabetes Mood disorder & migraine
(Yes vs. No) (Yes vs. No) (Yes vs. No)
(N=1695/257) (N=1728/25%) (N=1739/247%)
OR 95%Cl P-value OR 95% Cl P-value OR 95%Cl P-value

Intercept 0.01 <0.01-0.03 <0.01 0.01 <0.01-0.04 <0.01 0.03 0.01-0.1 <0.01
Age category (ref: <40 years)

40-49 1.43 0.67-3.07 0.35 1.19 0.40-3.52 0.75 0.36 0.18-0.70 <0.01

50-59 4.18 2.21-7.89 <0.01 4.03 1.65-9.84 <0.01 0.45 0.26-0.77 <0.01

>60 3.32 1.63-6.78 <0.01 3.03 1.07-8.62  0.04 0.14 0.05-0.38 <0.01
Sex (female vs male) 1.19 0.72-1.97  0.50 0.88 0.47-1.66  0.70 1.36 0.80-2.30 0.26
Nature of injury (ref: sprain, strain, or dislocation)

Fracture 1.68 0.79-3.57 0.18 1.45 0.47-4.47  0.52 1.28 0.47-349 0.63

Superficial or open wound 1.08 0.52-2.23  0.83 1.71 0.66-4.44  0.27 0.88 0.37-2.10  0.77

Internal injury 1.16 0.58-2.29  0.68 3.26 1.23-8.66  0.02 4.86 2.62-9.01 <0.01

Other 0.33 0.04-2.44 0.28 1.13 0.27-4.75 0.87 0.86 0.16-4.53  0.85

Missing 1.40 0.74-2.65 0.30 3.13 1.21-8.11  0.02 1.96 0.97-3.98  0.06
Highest level of education (ref: university degree)

Less than high school 0.83 0.32-2.13  0.69 3.20 0.96-10.71  0.06 0.57 0.18-1.86  0.36

High school completed 0.88 0.48-1.62  0.69 1.43 0.56-3.67  0.45 1.01 0.51-2.02  0.97

College or trade certificate diploma 1.05 0.58-1.90 0.86 1.74 0.70-4.34  0.23 1.57 0.86-2.86 0.14
Pain level (ref: none)

Alittle bit to moderate 3.82 1.83-7.97 <0.01 1.59 0.62-4.04 0.33 2.83 1.36-5.87  0.01

Quite a bit to extremely 7.7 3.47-17.13 <0.01 596  2.38-14.94 <0.01 7.86 3.49-17.7 <0.01
Currently receiving healthcare (ref: not applicable)

No 1.09 0.56-2.15  0.79 0.98 0.38-2.52  0.97 1.08 0.49-2.37 0.84

Yes 1.55 0.72-3.30 0.26 0.86 0.32-2.35 0.77 1.76 0.79-3.93 017
Industry (ref: healthcare and social assistance)

Construction, utilities, mining, agriculture, forestry ~ 1.14 0.45-2.93 0.78 0.50 0.15-1.69  0.27 1.12 0.45-2.76  0.81

Transportation & warehousing 1.33 0.59-2.98 0.49 0.81 0.27-2.44  0.70 0.89 0.37-2.18  0.81

Manufacturing 1.28 0.50-3.30 0.61 0.66 0.19-2.27  0.51 0.35 0.15-0.83  0.02

Other services (except public admin) 0.89 0.32-2.46 0.82 0.97 0.34-2.75 0.96 0.40 0.15-1.06  0.07

Retail, wholesale trade 0.99 0.38-2.59  0.98 0.68 0.18-2.51  0.56 1.02 0.37-2.80 097

Educational services 0.95 0.39-2.31 091 0.82 0.23-2.90 0.76 0.92 0.41-2.05 0.84

Accommodation/ food services/ arts/ entertainment  0.80 0.30-2.17  0.67 0.73 0.17-3.13  0.67 1.33 0.52-3.43  0.55

Public administration 1.95 0.80-4.76 0.14 0.38 0.05-2.82 034 1.25 0.40-3.92 0.70

Other 3.04 1.02-9.07  0.05 NA NA NA 0.82 0.25-2.76  0.75

Not applicable (not currently working) - - - - - - - - -
Employment status current (ref: permanent)

Temporary - casual contract seasonal 0.98 0.36-2.64 097 0.57 0.13-2.55 0.46 1.21 0.54-2.68 0.64

Not working 1.18 0.70-2.00 0.53 0.40 0.16-1.04  0.06 1.11 0.61-2.01 0.73

Cohort(2vs 1) 0.83 0.53-1.28  0.40 0.84 0.43-1.65 0.62 1.38 0.87-2.20 0.17

Benefit Duration (>3 months vs <3 months) 0.81 0.55-1.19  0.29 0.77 0.44-1.36  0.37 1.20 0.80-1.79  0.39
Prior chronic conditions (ref: none)

1 1.29 0.78-213  0.32 1.07 0.49-2.31  0.87 0.51 0.29-0.90  0.02

2 1.23 0.70-2.18  0.47 0.68 0.27-1.72 041 0.57 0.28-1.14 0.1

>3 1.26 0.52-3.06  0.60 0.57 0.16-2.05 0.39 0.28 0.10-0.80  0.02

2Number of observations deleted due to missing data.
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persistent pain and chronic mood disorders (42). There
is also a substantial risk of the onset of post-traumatic
osteoarthritis among workers experiencing a disabling
work-related injury involving the musculoskeletal sys-
tem (27).

Among workers disabled by a work-related injury,
the utilization of healthcare services is frequently ele-
vated beyond the period of acute management of the
injury (43, 44). Given this pattern, enhanced clini-
cian case-finding of undiagnosed chronic conditions is
likely a component of the elevated 18-month incidence
observed in these two cohorts. However, it may not
plausibly account for the majority of the elevated inci-
dence. For this to be true, the prevalence of undiagnosed
chronic conditions in the OLAWIS cohorts of injured
workers would have had to be substantial, implying
deficits in the pre-injury health status of cohort members
compared to all working adults in this setting. Among
cohort members without pain symptoms at the 18-month
interview, the proportion reporting poor or fair self-rated
health (5.1%) was similar to the prevalence of poor/
fair self-rated health among working adults in Ontario
(6.0%, unpublished data, available from authors). While
there is a limited number of longitudinal studies with
health status measures obtained prior to traumatic injury,
there is no consistent evidence that workers who expe-
rience a traumatic injury have substantial health status
deficits prior to injury (5).

While pain interference prior to the work-related
injury was not measured, it is unlikely that the high bur-
den of persistent pain observed in this cohort of workers
was prevalent prior to the injury. That all members of
the cohort were actively employed at the time of the
disabling injury or illness suggests a low prevalence of
functional impairment prior to the injury. We note that
respondents were specifically asked to describe pain
intensity that they attributed to their disabling work-
related injury, in addition to describing the degree of
pain interference with normal activities.

There are several potential limitations that are rel-
evant to guide the interpretation of the study’s findings.
While we are confident that the study participants are
demographically and occupationally representative of
the population of injured workers’ compensation claim-
ants in Ontario once sampling design probabilities have
been accounted for, we cannot exclude the possibility
that study participants had comparatively poorer health
and functional status prior to the injury or at the time of
the survey. If this was the case, estimates of the burden
of persistent pain and the incidence of chronic condi-
tions may not be representative of the population of
injured workers. However, this potential sample selec-
tion bias does not limit the validity of the observed asso-
ciation between persistent pain and chronic condition
incidence. Of more consequence, perhaps, are potential

Dobson et al

limitations in the reliability and validity of the measure-
ment of persistent pain and the self-reported incidence of
physician-diagnosed chronic conditions. Readers should
recognize that the measure of persistent pain applied
in this study of disabled workers may be vulnerable
to over-estimation, with the consequence that the sub-
stantial associations between pain and the incidence of
chronic conditions demonstrated in this study may have
been overestimated. The estimated association between
persistent pain and the incidence of chronic conditions
has been adjusted for the nature of the disabling injury,
anticipating that specific injury morbidity may be a
potential confounder, as a cause of both persistent pain
and the incidence of chronic conditions. However, the
coarse classification of the nature of injury applied in
our analysis may have resulted in residual confounding.

Related, it is possible that misclassification in
chronic condition measures exist, in that each may
be related to an underlying latent chronic condition.
However, if this was the case, then separating this latent
condition into separate disorders provides validity to our
findings. There is some evidence that the probability of
chronic condition incidence following traumatic injury
is associated with injury severity (16). While this study
did find a measure of disability episode duration was
associated with the risk of chronic condition incidence,
we were not able to implement a standardized measure
of injury severity.

The ascertainment of incident chronic conditions,
based on participant self-report of a physician diagno-
sis, may not be concordant with clinical records. The
potential threat to the validity of the association between
persistent pain and the incidence of chronic conditions
is unknown. Further, the OLAWIS survey interview and
context were different than that of the CCHS, potentially
threatening the validity of comparison between the two
samples. Finally, a portion of the post-injury incidence
of chronic conditions described in this study may be
transient, as several chronic conditions included in this
study have a remitting and relapsing natural history
(asthma, mood disorder, migraine, and back problems).

Among the strengths of this study is the inclusion of
a reference population based on a representative sample
of Ontario workers. The OLAWIS cohort design, inter-
viewing workers 18 months following a disabling work-
related injury, demonstrates the importance of longer
duration prospective cohort studies in understanding the
consequences of traumatic injury. We also note that the
findings reported in this study have been replicated in
two independent samples of injured workers.

Concluding remarks

Policies regarding the benefit administration of work
disability insurance schemes in Canada include provi-
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sions for entitlement for permanent impairment ben-
efits for conditions that arise secondary to a disabling
injury. These provisions, which align with the findings
of this study, acknowledge the potential incidence of
post-traumatic osteoarthritis, post-traumatic headache
and psycho-traumatic disability following a disabling
injury (45). The administrative process for applying for
permanent impairment benefits relies on workers or their
representatives to initiate an application for benefits,
and the adjudication process can be arduous. In recent
years, approximately 6% of workers who experience a
disabling injury will apply for and receive permanent
impairment benefits. While not all of the 500 incident
cases of chronic disease identified in this cohort will
have impairment consequences — nor would all incident
cases have a plausible attribution as secondary to the
disabling injury — the two cohorts included in this study
have experienced an approximately 38% incidence rate
for chronic conditions over an 18-month follow-up
period. The findings of this study may have implications
for the entitlement scope of work disability insurance
schemes.

As noted above, empirical research on the asso-
ciation between occupational injury and the subsequent
incidence of chronic conditions is limited. It appears
this limitation is also present in the broader field of
all-cause traumatic injury among adults of working
age. The associations documented in this study are
plausibly generalizable to all traumatic injuries expe-
rienced by working-aged adults (19) and suggest an
important area for additional research attention. While
the burden of all-cause traumatic injury is substantial in
high-income countries (46), these burden estimates may
underestimate the full consequences of traumatic injury
on the health of adults of working age. Enhancements
to national injury surveillance systems that incorporate
longitudinal measures of health status in a post-injury
follow-up period would strengthen estimates of the
impact of traumatic injury on health and function.

Acknowledgements

Ontario Workplace Safety & Insurance Board supported
this study, grant number LONG2018.

Conflicts of interest

The authors declare no conflicts of interest.

338

Scand J Work Environ Health, vol 49, no 5

References

Chambers A, Ibrahim S, Etches J, Mustard C. Diverging
trends in the incidence of occupational and nonoccupational
injury in Ontario, 2004-2011. Am J Public Health
2015 Feb;105(2):338-43. https://doi.org/10.2105/
AJPH.2014.302223.

Leigh JP. Economic burden of occupational injury and
illness in the United States. Milbank Q 2011 Dec;89(4):728—
72. https://doi.org/10.1111/j.1468-0009.2011.00648.x.

International Labour Organization. Estimating the economic
costs of occupational injuries and illnesses in developing
countries: essential information for decision-makers.
Geneva, Switzerland: International Labour Organization.
2012. Available from: https://www.ilo.org/safework/info/
publications/WCMS_207690/lang--en/index.htm.

Driscoll T; GBD 2016 Occupational Risk Factors
Collaborators. Global and regional burden of disease and
injury in 2016 arising from occupational exposures: a
systematic analysis for the Global Burden of Disease Study
2016. Occup Environ Med 2020 Mar;77(3):133-41. https://
doi.org/10.1136/0emed-2019-106008.

Baragaba B, Alghnam S, Bernacki EJ. Work-Related
Injuries and Health-Related Quality of Life Among US
Workers: A Longitudinal Study of a Population-Based
Sample. J Occup Environ Med 2016 Apr;58(4):385-90.
https://doi.org/10.1097/JOM.0000000000000667.

O’Hagan FT, Ballantyne PJ, Vienneau P. Mental health
status of Ontario injured workers with permanent
impairments. Can J Public Health 2012 May;103(4):e303-8.
https://doi.org/10.1007/BF03404240.

Casey R, Ballantyne PJ. Diagnosed Chronic Health
Conditions Among Injured Workers With Permanent
Impairments and the General Population. J Occup Environ
Med 2017 May;59(5):486-96. https://doi.org/10.1097/
JOM.0000000000000998.

Smith P, Bielecky A, Mustard C. The relationship
between chronic conditions and work-related injuries
and repetitive strain injuries in Canada. J Occup Environ
Med 2012 Jul;54(7):841-6. https://doi.org/10.1097/
JOM.0b013e31824e1117.

Palmer KT, D’Angelo S, Harris EC, Linaker C, Coggon D.
Sensory impairments, problems of balance and accidental
injury at work: a case-control study. Occup Environ
Med 2015 Mar;72(3):195-9. https://doi.org/10.1136/
oemed-2014-102422.

Skyving M, Forsman A, Dukic Willstrand T, Laflamme L,
Moller J. Medical impairment and road traffic crashes among
older drivers in Sweden - A national, population-based,
case-control study. Accid Anal Prev 2021 Dec;163:106434.
https://doi.org/10.1016/j.aap.2021.106434.

. Vingilis E, Wilk P. Medical conditions, medication use, and

their relationship with subsequent motor vehicle injuries:
examination of the Canadian National Population Health


https://doi.org/10.2105/AJPH.2014.302223
https://doi.org/10.2105/AJPH.2014.302223
https://pubmed.ncbi.nlm.nih.gov/25521870
https://doi.org/10.1111/j.1468-0009.2011.00648.x
https://pubmed.ncbi.nlm.nih.gov/22188353
https://www.ilo.org/safework/info/publications/WCMS_207690/lang--en/index.htm
https://www.ilo.org/safework/info/publications/WCMS_207690/lang--en/index.htm
https://doi.org/10.1136/oemed-2019-106008
https://doi.org/10.1136/oemed-2019-106008
https://pubmed.ncbi.nlm.nih.gov/32054817
https://doi.org/10.1097/JOM.0000000000000667
https://pubmed.ncbi.nlm.nih.gov/27058479
https://doi.org/10.1007/BF03404240
https://pubmed.ncbi.nlm.nih.gov/23618646
https://doi.org/10.1097/JOM.0000000000000998
https://doi.org/10.1097/JOM.0000000000000998
https://pubmed.ncbi.nlm.nih.gov/28486345
https://doi.org/10.1097/JOM.0b013e31824e11f7
https://doi.org/10.1097/JOM.0b013e31824e11f7
https://pubmed.ncbi.nlm.nih.gov/22796929
https://doi.org/10.1136/oemed-2014-102422
https://doi.org/10.1136/oemed-2014-102422
https://pubmed.ncbi.nlm.nih.gov/25523936
https://doi.org/10.1016/j.aap.2021.106434
https://pubmed.ncbi.nlm.nih.gov/34700248

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Survey. Traffic Inj Prev 2012;13(3):327-36. https://doi.org/
10.1080/15389588.2012.654411.

MacKenzie EJ, Rivara FP, Jurkovich GJ, Nathens AB,
Frey KP, Egleston BL et al. A national evaluation of
the effect of trauma-center care on mortality. N Engl J
Med 2006 Jan;354(4):366—-78. https://doi.org/10.1056/
NEJMsa052049.

Smith P, Bielecky A, Ibrahim S, Mustard C, Saunders R,
Beaton D et al. Impact of pre-existing chronic conditions on
age differences in sickness absence after a musculoskeletal
work injury: a path analysis approach. Scand J Work
Environ Health 2014 Mar;40(2):167-75. https://doi.
org/10.5271/sjweh.3397.

Jones AM, Koehoorn M, Biiltmann U, McLeod CB.
Prevalence and risk factors for anxiety and depression
disorders in workers with work-related musculoskeletal
strain or sprain in British Columbia, Canada: a comparison
of men and women using administrative health data. Occup
Environ Med 2021;78:500-8. https://doi.org/10.1136/
oemed-2020-106661.

Stewart 1J, Sosnov JA, Howard JT, Orman JA, Fang R,
Morrow BD, et al. Retrospective Analysis of Long-Term
Outcomes After Combat Injury: A Hidden Cost of War.
Circulation. 2015 Dec 1;132(22):2126-33. https://doi.
org/10.1161/CIRCULATIONAHA.115.016950..

Stewart 1J, Poltavskiy E, Howard JT, Janak JC, Pettey W,
Zarzabal LA et al. The Enduring Health Consequences of
Combat Trauma: a Legacy of Chronic Disease. J Gen Intern
Med 2021 Mar;36(3):713-21. https://doi.org/10.1007/
s11606-020-06195-1.

Dong XS, Wang X, Largay JA, Sokas R. Long-term health
outcomes of work-related injuries among construction
workers--findings from the National Longitudinal Survey of
Youth. Am J Ind Med 2015 Mar;58(3):308-18. https://doi.
org/10.1002/ajim.22415.

Franche RL, Carnide N, Hogg-Johnson S, Cété P, Breslin
FC, Biiltmann U et al. Course, diagnosis, and treatment
of depressive symptomatology in workers following
a workplace injury: a prospective cohort study. Can J
Psychiatry 2009 Aug;54(8):534-46. https://doi.org/10.1177
/070674370905400806.

Kim J. Depression as a psychosocial consequence of
occupational injury in the US working population: findings
from the medical expenditure panel survey. BMC Public
Health 2013 Apr;13:303. https://doi.org/10.1186/1471-
2458-13-303.

Chu PC, Chin WS, Guo YL, Shiao JS. Long-Term Effects
of Psychological Symptoms after Occupational Injury on
Return to Work: A 6-Year Follow-Up. Int J Environ Res
Public Health 2019 Jan;16(2):235. https://doi.org/10.3390/
ijerph16020235.

Orchard C, Carnide N, Smith P, Mustard C. The Association
Between Case Manager Interactions and Serious Mental
Illness Following a Physical Workplace Injury or Illness:
A Cross-Sectional Analysis of Workers’ Compensation

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Dobson et al

Claimants in Ontario. J Occup Rehabil 2021 Dec;31(4):895—
902. https://doi.org/10.1007/s10926-021-09974-7.

Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D.
Survey of chronic pain in Europe: prevalence, impact on
daily life, and treatment. Eur J Pain 2006 May;10(4):287—
333, https://doi.org/10.1016/j.ejpain.2005.06.009.

Dobson KG, Mustard C, Carnide N, Furlan A, Smith PM.
Impact of persistent pain symptoms on work absence,
health status and employment 18 months following
disabling work-related injury or illness. Occup Environ
Med 2022 Jul;79(10):697-705. https://doi.org/10.1136/
oemed-2022-108383.

Reitsma ML, Tranmer JE, Buchanan DM, Vandenkerkhof
EG. The prevalence of chronic pain and pain-related
interference in the Canadian population from 1994 to 2008.
Chronic Dis Inj Can 2011 Sep;31(4):157-64. https://doi.
org/10.24095/hpedp.31.4.04.

Pitcher MH, Von Korff M, Bushnell MC, Porter L.
Prevalence and Profile of High-Impact Chronic Pain in the
United States. J Pain 2019 Feb;20(2):146—60. https://doi.
org/10.1016/j.jpain.2018.07.006.

Treede RD, Rief W, Barke A, Aziz Q, Bennett MI,
Benoliel R et al. Chronic pain as a symptom or a
disease: the IASP Classification of Chronic Pain for
the International Classification of Diseases (ICD-11).
Pain 2019 Jan;160(1):19-27. https://doi.org/10.1097/j.
pain.0000000000001384.

Brown TD, Johnston RC, Saltzman CL, Marsh JL,
Buckwalter JA. Posttraumatic osteoarthritis: a first estimate
of incidence, prevalence, and burden of disease. J Orthop
Trauma 2006;20(10):739—44. https://doi.org/10.1097/01.
bot.0000246468.80635.¢f.

Fine PG. Long-term consequences of chronic pain:
mounting evidence for pain as a neurological disease
and parallels with other chronic disease states. Pain Med
2011 Jul;12(7):996-1004. https://doi.org/10.1111/1.1526-
4637.2011.01187 x.

Mustard C, Nadalin V, Carnide N, Tompa E, Smith P. Cohort
profile: the Ontario Life After Workplace Injury Study
(OLAWIS). BMJ Open 2021 Sep;11(9):e048143. https://
doi.org/10.1136/bmjopen-2020-048143.

Béland Y. Canadian community health survey--
methodological overview. Health Rep 2002;13(3):9-14.

Muhajarine N, Mustard C, Roos LL, Young TK,
Gelskey DE. Comparison of survey and physician
claims data for detecting hypertension. J Clin Epidemiol
1997 Jun;50(6):711-8. https://doi.org/10.1016/S0895-
4356(97)00019-X.

Wong JJ, Cété P, Tricco AC, Watson T, Rosella LC.
Assessing the validity of health administrative data
compared to population health survey data for the
measurement of low back pain. Pain 2021 Jan;162(1):219-
26. https://doi.org/10.1097/j.pain.0000000000002003.

Muggah E, Graves E, Bennett C, Manuel DG. Ascertainment
of chronic diseases using population health data: a

339

Scand J Work Environ Health, vol 49, no 5


https://doi.org/10.1080/15389588.2012.654411
https://doi.org/10.1080/15389588.2012.654411
https://pubmed.ncbi.nlm.nih.gov/22607256
https://doi.org/10.1056/NEJMsa052049
https://doi.org/10.1056/NEJMsa052049
https://pubmed.ncbi.nlm.nih.gov/16436768
https://doi.org/10.5271/sjweh.3397
https://doi.org/10.5271/sjweh.3397
https://pubmed.ncbi.nlm.nih.gov/24173365
https://doi.org/10.1136/oemed-2020-106661
https://doi.org/10.1136/oemed-2020-106661
https://pubmed.ncbi.nlm.nih.gov/33483459
https://doi.org/10.1161/CIRCULATIONAHA.115.016950
https://doi.org/10.1161/CIRCULATIONAHA.115.016950
https://doi.org/10.1007/s11606-020-06195-1
https://doi.org/10.1007/s11606-020-06195-1
https://pubmed.ncbi.nlm.nih.gov/32959346
https://doi.org/10.1002/ajim.22415
https://doi.org/10.1002/ajim.22415
https://pubmed.ncbi.nlm.nih.gov/25678458
https://doi.org/10.1177/070674370905400806
https://doi.org/10.1177/070674370905400806
https://pubmed.ncbi.nlm.nih.gov/19726006
https://doi.org/10.1186/1471-2458-13-303
https://doi.org/10.1186/1471-2458-13-303
https://pubmed.ncbi.nlm.nih.gov/23560685
https://doi.org/10.3390/ijerph16020235
https://doi.org/10.3390/ijerph16020235
https://pubmed.ncbi.nlm.nih.gov/30650654
https://doi.org/10.1007/s10926-021-09974-7
https://pubmed.ncbi.nlm.nih.gov/33818670
https://doi.org/10.1016/j.ejpain.2005.06.009
https://pubmed.ncbi.nlm.nih.gov/16095934
https://doi.org/10.1136/oemed-2022-108383
https://doi.org/10.1136/oemed-2022-108383
https://pubmed.ncbi.nlm.nih.gov/35902222
https://pubmed.ncbi.nlm.nih.gov/21978639
https://doi.org/10.24095/hpcdp.31.4.04
https://doi.org/10.24095/hpcdp.31.4.04
https://doi.org/10.1016/j.jpain.2018.07.006
https://doi.org/10.1016/j.jpain.2018.07.006
https://pubmed.ncbi.nlm.nih.gov/30096445
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.1097/j.pain.0000000000001384
https://pubmed.ncbi.nlm.nih.gov/30586067
https://doi.org/10.1097/01.bot.0000246468.80635.ef
https://doi.org/10.1097/01.bot.0000246468.80635.ef
https://pubmed.ncbi.nlm.nih.gov/17106388
https://doi.org/10.1111/j.1526-4637.2011.01187.x
https://doi.org/10.1111/j.1526-4637.2011.01187.x
https://pubmed.ncbi.nlm.nih.gov/21752179
https://doi.org/10.1136/bmjopen-2020-048143
https://doi.org/10.1136/bmjopen-2020-048143
https://pubmed.ncbi.nlm.nih.gov/34489277
https://pubmed.ncbi.nlm.nih.gov/12743956
https://doi.org/10.1016/S0895-4356(97)00019-X
https://doi.org/10.1016/S0895-4356(97)00019-X
https://pubmed.ncbi.nlm.nih.gov/9250269
https://doi.org/10.1097/j.pain.0000000000002003
https://pubmed.ncbi.nlm.nih.gov/32910631

Pain & chronic condition onset after work-related injuries

34.

35.

36.

37.

38.

39.

340

comparison of health administrative data and patient self-
report. BMC Public Health 2013 Jan;13:16. https://doi.
org/10.1186/1471-2458-13-16.

Fortin M, Haggerty J, Sanche S, Almirall J. Self-reported
versus health administrative data: implications for assessing
chronic illness burden in populations. A cross-sectional
study. CMAJ Open 2017 Sep;5(3):E729-33. https://doi.
org/10.9778/cmajo.20170029.

Hays RD, Sherbourne CD, Mazel RM. The RAND 36-item
health survey 1.0. Health Econ 1993 Oct;2(3):217-27.
https://doi.org/10.1002/hec.4730020305.

Fay MP, Feuer EJ. Confidence intervals for directly
standardized rates: a method based on the gamma
distribution. Stat Med 1997 Apr;16(7):791-801. https://doi.
org/10.1002/(SICI)1097-0258(19970415)16:7<791::AID-
SIM500>3.0.CO;2-#.

Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson
DT, Giannini EH et al. Estimates of the prevalence of
arthritis and selected musculoskeletal disorders in the
United States. Arthritis Rheum 1998 May;41(5):778-99.
https://doi.org/10.1002/1529-0131(199805)41:5<778::AID-
ART4>3.0.CO;2-V.

Epstein M, Sowers JR. Diabetes mellitus and hypertension.
Hypertension 1992 May;19(5):403-18. https://doi.
org/10.1161/01.HYP.19.5.403.

Ratcliffe GE, Enns MW, Jacobi F, Belik SL, Sareen
J. The relationship between migraine and mental
disorders in a population-based sample. Gen Hosp
Psychiatry 2009;31(1):14-9. https://doi.org/10.1016/j.
genhosppsych.2008.09.006.

Scand J Work Environ Health, vol 49, no 5

40.

41.

42.

43.

44,

45.

46.

Mansournia MA, Altman DG. Population attributable
fraction. BMJ 2018 Feb;360:k757. https://doi.org/10.1136/
bmj.k757.

Sluka KA. Pain mechanisms involved in musculoskeletal
disorders. J Orthop Sports Phys Ther 1996 Oct;24(4):240—
54. https://doi.org/10.2519/jospt.1996.24.4.240.

Gerrits MM, van Oppen P, van Marwijk HW, Penninx BW,
van der Horst HE. Pain and the onset of depressive and
anxiety disorders. Pain 2014 Jan;155(1):53-9. https://doi.
org/10.1016/j.pain.2013.09.005.

Brown JA, McDonough P, Mustard CA, Shannon
HS. Healthcare use before and after a workplace
injury in British Columbia, Canada. Occup Environ
Med 2006 Jun;63(6):396—403. https://doi.org/10.1136/
0em.2005.022707.

Coté P, Yang X, Kristman V, Hogg-Johnson S, Van Eerd
D, Rezai M et al. The association between workers’
compensation claims involving neck pain and future health
care utilization: a population-based cohort study. J Occup
Rehabil 2013 Dec;23(4):547-56. https://doi.org/10.1007/
$10926-012-9415-8.

Workplace Safety & Insurance Board. Benefits for non-
economic loss. Accessed September 12, 2022. Available
from: https://www.wsib.ca/en/benefits-non-economic-loss.

Haagsma JA, Graetz N, Bolliger I, Naghavi M, Higashi
H, Mullany EC et al. The global burden of injury:
incidence, mortality, disability-adjusted life years and time
trends from the Global Burden of Disease study 2013.
Inj Prev 2016 Feb;22(1):3—-18. https://doi.org/10.1136/
injuryprev-2015-041616.

Received for publication: 18 November 2022


https://doi.org/10.1186/1471-2458-13-16
https://doi.org/10.1186/1471-2458-13-16
https://pubmed.ncbi.nlm.nih.gov/23302258
https://doi.org/10.9778/cmajo.20170029
https://doi.org/10.9778/cmajo.20170029
https://pubmed.ncbi.nlm.nih.gov/28947426
https://doi.org/10.1002/hec.4730020305
https://pubmed.ncbi.nlm.nih.gov/8275167
https://doi.org/10.1002/(SICI)1097-0258(19970415)16:7%3c791::AID-SIM500%3e3.0.CO;2-#
https://doi.org/10.1002/(SICI)1097-0258(19970415)16:7%3c791::AID-SIM500%3e3.0.CO;2-#
https://doi.org/10.1002/(SICI)1097-0258(19970415)16:7%3c791::AID-SIM500%3e3.0.CO;2-#
https://pubmed.ncbi.nlm.nih.gov/9131766
https://doi.org/10.1002/1529-0131(199805)41:5%3c778::AID-ART4%3e3.0.CO;2-V
https://doi.org/10.1002/1529-0131(199805)41:5%3c778::AID-ART4%3e3.0.CO;2-V
https://pubmed.ncbi.nlm.nih.gov/9588729
https://doi.org/10.1161/01.HYP.19.5.403
https://doi.org/10.1161/01.HYP.19.5.403
https://pubmed.ncbi.nlm.nih.gov/1568757
https://doi.org/10.1016/j.genhosppsych.2008.09.006
https://doi.org/10.1016/j.genhosppsych.2008.09.006
https://pubmed.ncbi.nlm.nih.gov/19134504
https://doi.org/10.1136/bmj.k757
https://doi.org/10.1136/bmj.k757
https://pubmed.ncbi.nlm.nih.gov/29472187
https://doi.org/10.2519/jospt.1996.24.4.240
https://pubmed.ncbi.nlm.nih.gov/8892139
https://doi.org/10.1016/j.pain.2013.09.005
https://doi.org/10.1016/j.pain.2013.09.005
https://pubmed.ncbi.nlm.nih.gov/24012953
https://doi.org/10.1136/oem.2005.022707
https://doi.org/10.1136/oem.2005.022707
https://pubmed.ncbi.nlm.nih.gov/16497852
https://doi.org/10.1007/s10926-012-9415-8
https://doi.org/10.1007/s10926-012-9415-8
https://pubmed.ncbi.nlm.nih.gov/23609406
https://www.wsib.ca/en/benefits-non-economic-loss
https://doi.org/10.1136/injuryprev-2015-041616
https://doi.org/10.1136/injuryprev-2015-041616
https://pubmed.ncbi.nlm.nih.gov/26635210

