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Abstract

Background: Many injured workers are reinjured, but reinjury risk is challenging to

quantify. Because many injured workers face delayed return‐to‐work, or return to

part‐time or intermittent jobs, a calendar timescale may overestimate actual work‐
time at risk, yielding underestimated reinjury rates. Objectives included determining:

(1) reinjury risk by degree of permanent impairment and other factors, and (2) how

choice of timescale affects reinjury estimates.

Methods: This retrospective cohort study included Washington State workers’

compensation (WC) claims for 43,114 injured workers, linked to state wage files

(2003–2018). Three timescales were used to define at‐risk denominators: (1) ca-

lendar quarters; (2) quarters with any wages; and (3) full‐time equivalent (FTE)

quarters, defined as cumulative work hours ÷ 520. Associations between reinjury

outcomes and worker, injury, job, and WC vocational rehabilitation program parti-

cipation characteristics were assessed using Cox proportional hazards regression.

Results: Overall reinjury rates were 5.9 per 100 worker‐years using a calendar

timescale (95% confidence interval [CI]: 5.8–6.0), 10.0 using any‐wage quarters (95%

CI: 9.9–10.2), and 12.5 using FTE quarters (95% CI: 12.3–12.7). Reinjury rates were

highest in the first two quarters after initial injury, remaining elevated for about

4 years. Using FTE quarters, workers with ≥10% whole body impairment had a 34%

higher risk of reinjury relative to workers with no permanent partial disability award

(95% CI: 1.25–1.44); no difference was detected using calendar time.

Conclusions: Timescale substantially affects reinjury estimates and comparisons

between groups with differential return‐to‐work patterns. Linking wage data to WC

claims facilitates measurement of long‐term employment, yielding more accurate

reinjury estimates.
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1 | INTRODUCTION

Injured workers are at heightened risk of both injury exacerbation and

new work‐related injuries, particularly during the first 12–18 months

after initial injury and when working conditions have not changed.1‐4

A prior work injury significantly increases the odds of a new or re-

current work injury.5,6 More specifically, workers who have returned

to work after an injury involving time loss compensation are more

likely to have a subsequent injury than other workers in the same

firms.7 In an Australian workers’ compensation (WC) study involving

nearly a million claims over 14 years, recurrent occupational injury and

disease accounted for 53.4% of all claims.8 Compared with the initial

injury, subsequent work injuries tend to result in longer work disability

and higher costs.3,9

Work‐related reinjury estimates vary, based in part on factors

such as injury type, occupation/industry, timescale used, length of

follow‐up, and how reinjury was defined (e.g., self‐report, report to a

supervisor/employer, reopened and/or newly filed WC claims, and

whether restricted to injuries involving time loss compensation).

Across studies using varied methods, the percentage of workers re-

injured within 1 year has been estimated to be between 14% and

30%; for example, 18%–22% among workers who had previously

filed WC claims in Alberta, Canada (back injuries);10 26% among

workers surveyed who had previously filed Washington State WC

claims (back injuries);1 and 14% of a cohort of workers who had

previously filed WC claims in Ontario, Canada (restricted to workers

with temporary total disability and soft tissue musculoskeletal in-

juries).11 In a study using an employer‐based surveillance database

rather than WC claims, 20% of registered nurses and 30% of nursing

assistants administratively reported an occupational injury/illness

occurring within a year of an initial injury/illness report (Veterans

Health Administration; not restricted to those involving time lost

from work).4

Several other studies used longer timeframes to calculate work

reinjury estimates. At two San Francisco, California hospitals, 36% of

injured workers interviewed reported work reinjury within 2 years.

In a Wisconsin WC‐based study, 32% of injured workers had at least

one further compensable time‐loss claim during the three years

following the initial claim.7 In a Colorado WC‐based study, 27% of

injured workers filed a second claim within 5 years.12 During

9–14 years of follow‐up in an Australian WC‐based study, 37% of

persons with an initial claim filed a second claim.3 That study,3 and a

WC‐based Canadian study with 10 years of follow‐up,13 also used

average time to work reinjury as an alternative metric to percen-

tages, estimating mean calendar time from initial injury to work re-

injury as 1088 days (nearly 3 years) and 744 days (just over 2 years),

respectively.

While many injured workers are reinjured at work, reinjury risk

is challenging to quantify, in part because accurate estimation of

work reinjury risk is dependent on identifying an appropriate at‐risk
denominator. Few studies have estimated time‐dependent work re-

injury rates using at‐risk denominators other than calendar time.

Lipscomb et al.2 found that back reinjury rates among 18,768 injured

Washington State carpenters who had returned to work peaked

between 1000 and 1500 h worked (equivalent to two to three

quarters of full‐time work), but elevated rates persisted for three to

four years after the initial work injury. Consistent with those findings,

a Colorado WC study including all injury types found that most

second claims occurred within 3 years.12

Most other studies have used a calendar timescale (e.g., amount

of calendar time between initial injury and reinjury) to calculate re-

injury rates. But workers who have not yet returned to work are not

at risk of a subsequent work‐related injury, and workers who are

working part‐time or intermittently would generally be at lower risk

than full‐time workers. Hence, this approach may underestimate risk

by falsely assuming continuous employment during the calendar time

period; and it also may not account for differences in work exposure

between full‐time and part‐time workers. Given these issues, use of

the calendar timescale may be particularly problematic when work-

ers face challenges returning to work or tend not to work con-

tinuously or full‐time, such as in the case of injured workers with a

permanent impairment.

Every year in the United States, about 300,000 workers—roughly

10% of all workers injured at work, and 38% of workers with WC

claims involving compensation for temporary wage loss or permanent

disability—experience serious work injuries that result in permanent

impairment and a permanent partial disability (PPD) award.14 WC‐
based PPD awards provide compensation for work‐related perma-

nent impairment that does not preclude returning to work but pre-

vents working at full physical capacity (e.g., vision or hearing loss,

amputation, spinal impairment). Permanent impairment puts workers

at higher risk of both mortality15 and return‐to‐work challenges as-

sociated with functional disability, pain, and unstable health.16‐21 In

an earlier study, we found that at least 22% of Washington State

injured workers had not returned to work, even briefly, during the

year after their WC claim closed with a PPD award.22 Injured

workers with permanent impairments account for a large share of

WC‐based vocational rehabilitation program participants, and accu-

mulating evidence suggests that vocational rehabilitation programs

and policies affect initial return to work and sustained employment in

both positive and negative ways.19,23‐25 Even after vocational re-

training to facilitate returning to work, workers disabled by an oc-

cupational injury face substantial employment challenges.19

After initially returning to work, many injured workers with

permanent impairment face return‐to‐work interruption (i.e., breaks

in employment due to reinjury, unstable health, disability, lay‐off,
etc.).16 A study of Ontario injured workers with permanent impair-

ment found long‐term intermittent impacts on return to work; only

half of these workers returned to work in a sustained manner.16

Among Canadian workers who were 50–64 years of age and had a

permanent impairment, a higher (more severe) impairment rating

was associated with earlier labor force exit.26 Compared with other

workers, disabled workers have unemployment rates that are 50%

higher, and they are more likely to work part‐time and in entry‐level
jobs.27,28 Mostly due to these employment patterns, workers with

permanent impairment have considerably larger earning losses
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compared with other workers.29‐31 In sum, there is substantial evi-

dence that injured workers with permanent impairment are less

likely to be fully employed compared with other workers; thus, the

use of a calendar timescale to calculate time at risk could lead to

underestimates of work reinjury risk for these workers.

Few studies have assessed work reinjury rates among workers

with work‐related permanent impairment. However, findings from

various sources suggest that these workers may be at higher risk of a

subsequent work injury compared with other workers. First, nu-

merous studies have associated disability with higher occupational

injury risk and poorer injury outcomes, which would likely generalize

to workers with a work‐related permanent impairment. Workers

with disabilities are more than twice as likely to incur work injuries as

those without disabilities.18 In addition to being more common, oc-

cupational injuries are more severe and more costly among workers

with hearing and visual impairments32‐34 and other persistent dis-

abilities.35‐38 In research using data from the National Longitudinal

Survey of Youth, having an early‐onset (before age 23) health‐limiting

condition was one of the strongest predictors of recurrent occupa-

tional injury.39 Second, in a Washington State WC‐based study, more

than half of workers surveyed thought their permanent impairment

put them at higher risk of being reinjured at work.22 Third, in a

reinjury study using data from the Ontario Survey of Permanently

Disabled Workers, about 50% of the 7915 surveyed injured workers

had at least one additional work absence related to the first injury.11

Although this estimate was not tied to a specific timeframe and did

not include new work injuries, it was markedly higher than the re-

injury estimates that were not specific to workers with permanent

impairment (noted earlier). On the other hand, a Wisconsin study

found that workers who received temporary total disability benefits

were more likely to be reinjured (i.e., file a second WC claim) than

those who received a PPD award.7

In summary, many injured workers are reinjured at work, but re-

injury risk is challenging to quantify, and there are knowledge gaps with

respect to potentially heightened reinjury risk faced by injured workers

with a permanent impairment. Injured workers may face delayed return

to work, or may return to work part‐time or intermittently. A calendar

timescale may overestimate time at risk (via the assumption of full

employment during that time, or the assumption that the amount of

calendar time spent working is comparable across groups), yielding

underestimated reinjury rates and biased comparisons between groups

having differential return‐to‐work patterns. In particular, calendar time

might differentially overestimate time at risk for workers with perma-

nent impairment, which would lead to underestimated reinjury risk

estimates. In addressing this issue, state wage files—constructed from

mandatory unemployment insurance‐related employer tax and wage

reports—provide an efficient but underused approach to identifying

return‐to‐work patterns. To improve estimates of reinjury risk, we used

state wage data to identify periods of employment and unemployment.

The aims of this study were to: (1) estimate reinjury risk for workers by

degree of permanent impairment; (2) estimate variation in reinjury risk

by other worker, injury, and job characteristics, and by time since injury;

and (3) assess whether choice of timescale (at‐risk denominator)

substantially affects reinjury risk estimates. We hypothesized that

workers with work‐related permanent impairment would be at elevated

risk of reinjury compared with other injured workers, particularly in the

first year after returning to work. Secondarily, we explored program‐
related outcomes for injured workers participating in vocational re-

habilitation, many of whom have a work‐related permanent impairment.

2 | MATERIALS AND METHODS

2.1 | Study setting

No‐fault workers’ compensation coverage for work‐related injuries

and illnesses is compulsory in Washington State.40 The Washington

State Department of Labor and Industries (L&I) is the exclusive State

Fund insurer for about 70% of workers specified by Washington's

Industrial Insurance Act.41 Self‐insured employers account for the

remaining 30%; no private WC insurers operate in WA. L&I admin-

isters the state WC system for both State Fund and self‐insured
employers, and maintains population‐based administrative databases

of WC claims.42,43

2.2 | Study design and cohort

We employed a retrospective cohort design, using administrative WC

claims data along with state wage data to measure long‐term reinjury

outcomes and time at risk. The eligible cohort included injured

workers with an accepted compensable State Fund WC claim that:

(1) was their first known WC claim filed in Washington State (i.e., the

worker had no prior State Fund or self‐insured claim); and (2) closed

for the first time during 2009–2017, whether or not it later reopened

(i.e., if there were multiple claim closure dates for a claim, the first

claim closure date was used to determine cohort eligibility). Injured

workers with self‐insured employers were not included in the eligible

cohort, due to incomplete vocational rehabilitation and medical bill-

ing data for those WC claims.

Before delivering administrative data to the research team, L&I

staff applied six exclusion criteria: (1) under age 18 when injured, (2)

residence outside Washington State, (3) medical‐only claims (<4 work

days lost due to the injury, hence no time loss compensation), (4) fatal or

total permanent disability claims, (5) confidentiality exclusions imposed

by L&I (e.g., L&I employees), and (6) no valid Social Security number.

After these exclusions, 4.01% (n =1842) had no state wage data before

and after the injury, and were excluded during data analysis; these

workers may have been self‐employed or working in occupations ex-

empt from unemployment insurance coverage and wage reporting re-

quirements,44 and therefore it could not be assumed that absence of

wages after the injury indicated no return to work. The resulting cohort

consisted of 44,068 injured workers. This study was approved by the

University of Washington Institutional Review Board. Informed consent

requirements were waived for this study; administrative data provided

to the researchers contained no direct identifiers.
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2.3 | Reinjury outcomes

After the eligible cohort was identified, further administrative data were

obtained from L&I for these workers. These data included all WC claims

with injury dates subsequent to the initial injury through the end of

2018, regardless of claim status (e.g., medical‐only, fatal, total perma-

nent disability), and included both State Fund and self‐insured claims.

The operational definition of reinjury included both reopened claims

(likely reflecting aggravation, exacerbation, or recurrence of the initial

injury) and new claims (likely reflecting new injuries).45,46 This allowed

for observation of reinjury outcomes for at least 1 year after the initial

injury, and—depending on year of injury—up to 19 years.

2.4 | Time at risk

State wage files from the Washington State Employment Security

Department were used to construct at‐risk denominators. These files

include quarterly wages and hours worked for workers covered by

unemployment insurance, which excludes self‐employment and ex-

empt occupations.44 For this study, L&I staff used Social Security

numbers to link administrative WC claims with quarterly wage data,

and then transmitted linked data, without identifiers, to our research

team. Wages were adjusted to December 2018 dollars using the

Consumer Price Index.

For comparison purposes, three at‐risk timescales were used to

measure time from initial injury to the first reinjury or censoring: (1)

calendar quarters (i.e., observed calendar time, regardless of wages/

hours worked); (2) any‐wage quarters (i.e., excluding quarters with no

wages, when presumably not at risk for work injury); and (3) full‐time

equivalent (FTE) quarters (i.e., cumulative work hours divided by

520—approximating quarters of full‐time work). The latter two

timescales used work‐status measures (wages or hours) rather than

calendar time to measure time at risk, and were not necessarily

synchronous with calendar time. Because a few workers had an im-

possibly high number of hours worked in some quarters, work hours

were winsorized at 2190 h per quarter—the maximum possible hours

if working around the clock (i.e., workers with >2190 h per quarter

were retained but the value for hours was recoded to this cap). In

sensitivity analyses, this procedure had negligible impact on esti-

mates. Data were censored on the earliest of three dates: (1) ad-

ministrative follow‐up end date (December 31, 2018), (2) total

permanent disability effective date, or (3) date of death.

2.5 | Permanent impairment and vocational
rehabilitation programs

The primary predictor of interest was degree of permanent impair-

ment, classified into three mutually exclusive groups based on the

permanent impairment rating for the initial injury: (1) no permanent

impairment (i.e., no PPD award), (2) a PPD award with whole body

impairment (WBI) < 10%, or (3) a PPD award with WBI ≥ 10%.

Washington State defines impairment as permanent anatomic or

functional abnormality or loss of function after maximum medical

improvement has been achieved.47 For workers who have suffered a

permanent loss of function but are still able to work, degree of im-

pairment is rated before claim closure, after treatment has been

completed.48 PPD awards are made at claim closure, and may be paid

as a lump sum or in monthly installments, depending on the size of

the award.48

Administrative WC PPD rating data were challenging to sum-

marize. Several impairment rating/award systems were involved. In

addition, multiple entries for the same PPD award were often in-

distinguishable as to whether they represented duplicate entries,

multiple/bilateral injuries, pre‐existing unpaid impairment based on

evaluation, protests, repayments, or other subsequent increases or

decreases in the PPD award. We constructed a measure of WBI that

would allow us to compare workers based on a conservative estimate

of WBI percentage, regardless of the rating system used to produce

an individual worker's rating or award. The resulting estimate can

best be thought of as a lower bound estimate of WBI, based on the

single largest contribution from the single impaired body part con-

tributing most to WBI. A more detailed description of how WBI was

constructed and classified can be found in an earlier publication.22

To explore program‐related outcomes for injured workers par-

ticipating in vocational rehabilitation, we estimated reinjury risk for

two subsets of injured workers: (1) workers who completed a voca-

tional retraining plan, compared with those who did not complete

their plan; and (2) workers who chose self‐directed retraining funds

(known as Option 2), compared with those who chose a conventional

retraining plan (whether completed or not). For these analyses,

subgroup assignments were based on events occurring before the

first claim closure date for the initial WC claim. To our knowledge,

reinjury outcomes have not previously been assessed for either

scenario. However, completion of an L&I‐approved vocational re-

habilitation training plan by an eligible injured worker is associated

with faster return to work and better long‐term employment out-

comes, compared with workers who do not complete their plan.24,25

Option 2 became available as of January 1, 2008, as a voluntary

alternative to participating in the approved conventional retraining

plan. Workers have 15 days after plan approval to decide whether to

participate in the approved plan or choose Option 2. When workers

choose Option 2, their claim is closed, time‐loss benefits end, a vo-

cational award of roughly 6–9 months of time‐loss benefits is paid,

and vocational retraining funds are set aside. The worker can access

their vocational retraining funds for tuition, training fees, and certain

related expenses for up to 5 years. The worker can seek training at

any L&I‐approved program or course, and the retraining goal can

differ from that in the approved retraining plan.

2.6 | Covariates

Worker and injury characteristics (i.e., gender, age at initial injury,

preferred language, residence county, injured body part,
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comorbidities) were extracted from WC claims data. Urban‐rural
residence was based on the worker's residence county, and was

classified using the six‐level 2013 National Center for Health Sta-

tistics Urban‐Rural Classification Scheme for Counties.49 Injured

body part was categorized as spine/neck, upper extremity, lower

extremity, or other/multiple. For workers with a PPD award, body

part was based on the impaired body part used for the WBI per-

centage estimate. For workers with no PPD award, body part was

based on Occupational Injury and Illness Classification System (ver-

sion 1.01) codes present in the WC claims file. We obtained pro-

fessional and facility WC billing data for the first visit or admission

for the initial injury, which was used to construct the Functional

Comorbidity Index.50

Pre‐injury quarterly wages were based on state wage data,

averaged over the four quarters before the injury quarter, and ad-

justed to December 2018 dollars using the Consumer Price Index.

Information about the job where the initial injury occurred included

employer size, industry sector, and hazard group. Large employers

were defined as those with ≥50 FTE workers during the injury

quarter. Industry sector was based on North American Industry

Classification System (NAICS) two‐digit sector codes, but—due to

small numbers in some sectors—was further collapsed into nine

groups: (1) agriculture, forestry, fishing, hunting (NAICS sector: 11);

(2) construction, utilities, mining (NAICS sectors: 21, 22, 23); (3)

manufacturing (NAICS sectors: 31, 32, 33); (4) retail/wholesale trade

(NAICS sectors: 42, 44, 45); (5) transportation, warehousing (NAICS

sectors: 48, 49); (6) information, finance, real estate, professional

(NAICS sectors: 51, 52, 53, 54, 55); (7) administrative, support, other

services (NAICS sectors: 56, 81, 92); (8) education, health care, social

services (NAICS sectors: 61, 62); and (9) arts, entertainment, hospi-

tality (NAICS sectors: 71, 72). We also constructed a continuous

hazard group variable based on L&I‐assigned employer risk class; this

was developed for WC insurance administration purposes, to esti-

mate potential for loss (claim costs) by nature of business. Hazard

group classifies employer risk from one (lowest risk) to nine (highest

risk).51

2.7 | Data analysis

All analyses were conducted using Stata/MP 15.1 for Windows

(StataCorp.).52 The amount of missing data was negligible (<1%) for

all variables. We therefore used the subset of cases with complete

data for all variables (retaining N = 43,114 injured workers, or 97.8%

of the eligible sample of 44,068 injured workers) for all analyses

presented herein. This also ensured that comparisons across the

three timescales would be based on the same sample (wages and

hours were not always missing synchronously).

Unadjusted Kaplan–Meier survival curves were used to illustrate

differences in the proportions of injured workers not reinjured, by

degree of impairment and timescale. Survival functions were used to

quantify the proportions of injured workers not reinjured for each

timescale. Data presentation via Kaplan–Meier curves and survival

function tables was limited to 60 quarters for all three timescales,

because so few workers (<30) remained at risk beyond that point.

Rates of first reinjury per 100 worker‐years were calculated by

degree of impairment, using each of the three timescales. Reinjury

rates were also calculated for each two‐quarter interval after initial
injury, to assess rate variation over time.

Unadjusted and adjusted Cox proportional hazard regression

models were used to estimate reinjury risk by degree of permanent

impairment; separate models were run using each of the three

timescales. Adjusted models included all covariates described in

Section 2.6, and were fully stratified by year of injury, which ran from

2003 to 2017 for this sample (i.e., coefficients were held equal across

strata, but baseline hazards were unique to each injury year). Robust

variance estimates were used to produce 95% confidence inter-

vals (CI).

Parallel models were used to explore program‐related outcomes

for two subsets of injured workers participating in vocational re-

habilitation. The first set of models estimated reinjury risk for injured

workers who completed a vocational retraining plan versus those

who did not complete their plan, among the subset of workers who:

(1) had an approved vocational retraining plan for the initial injury,

and (2) did not choose self‐directed retraining funds (known as Op-

tion 2) in place of the approved conventional retraining plan

(N = 1242). The second set of models estimated reinjury risk for in-

jured workers selecting Option 2 versus a conventional retraining

plan, among the subset of workers who: (1) had an approved voca-

tional retraining plan for the initial injury, and (2) had access to

Option 2, which was first offered January 1, 2008 (N = 1209).

3 | RESULTS

In this sample, 74.0% had no PPD award, 19.5% were in the

WBI < 10% group and 6.5% were in the WBI ≥ 10% group (Table 1).

All characteristics in Table 1 were differentially distributed across

these groups, to a statistically significant degree. For example, nearly

half (48.1%) of those in the WBI ≥ 10% group had spine/neck injury

compared with about a quarter (26.1%) overall. Compared with the

WBI ≥ 10% group, the WBI < 10% group had markedly higher per-

centages of upper and lower extremity injuries, and markedly lower

percentages of spine/neck and other/multiple injuries. Spanish lan-

guage preference applied to 19.9% of workers in the WBI ≥ 10%

group, but only 12.0% of workers with no PPD award. Construction/

utilities/mining was the most common industry category for the

WBI ≥ 10% group (17.6%), but only accounted for 9.4% of workers

with no PPD award.

Nearly 90% of the workers in each of the vocational rehabilita-

tion program subsets had a permanent impairment (Table 1). Over

half (52.3%) of workers with an approved vocational retraining plan

selected self‐directed retraining funds (Option 2) in place of the

conventional retraining plan; 58.4% of the WBI ≥ 10% group chose

Option 2, compared with only 37.5% of those with no PPD award. Of

workers with an approved vocational retraining plan (excluding those
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TABLE 1 Worker, injury, job, and vocational rehabilitation characteristics, by degree of impairment (N = 43,114)

Total (N = 43,114) No PPD award (n = 31,912) WBI <10% (n = 8404) WBI ≥10% (n = 2798)

Variable n % n % n % n %

Body part

Spine/neck 11,250 26.1 8671 27.2 1233 14.7 1346 48.1

Upper extremity 14,273 33.1 9195 28.8 4418 52.6 660 23.6

Lower extremity 9635 22.3 6692 21.0 2640 31.4 303 10.8

Other/multiple 7956 18.5 7354 23.0 113 1.3 489 17.5

Gender

Male 24,497 56.8 17,841 55.9 4980 59.3 1676 59.9

Female 18,617 43.2 14,071 44.1 3424 40.7 1122 40.1

Age

18–24 9433 21.9 7911 24.8 1206 14.3 316 11.3

25–34 13,162 30.5 10,241 32.1 2223 26.5 698 25.0

35–44 8828 20.5 6158 19.3 1945 23.1 725 25.9

45–54 6877 15.9 4512 14.1 1743 20.7 622 22.2

55–64 3959 9.2 2554 8.0 1047 12.5 358 12.8

≥65 855 2.0 536 1.7 240 2.9 79 2.8

Preferred language

English 35,817 83.1 27,113 85.0 6544 77.9 2160 77.2

Spanish 5990 13.9 3841 12.0 1592 18.9 557 19.9

Other 1207 3.0 958 3.0 268 3.2 81 2.9

Urban‐rural residence county

Large central metropolitan 11,487 26.6 8878 27.8 2059 24.5 550 19.7

Large fringe metropolitan 12,750 29.6 9408 29.5 2489 29.6 853 30.5

Medium metropolitan 8202 19.0 6036 18.9 1587 18.9 579 20.7

Small metropolitan 5820 13.5 4023 12.6 1293 15.4 504 18.0

Micropolitan 3844 8.9 2806 8.8 780 9.3 258 9.2

Noncore 1011 2.4 761 2.4 196 2.3 54 1.9

Employer size

Small (<50 FTE employees) 19,554 45.4 14,056 44.0 4062 48.3 1436 51.3

Large (≥50 FTE employees) 23,560 54.6 17,856 56.0 4342 51.7 1362 48.7

Industry sector

Agriculture, forestry, fishing, hunting 3002 7.0 2052 6.4 703 8.4 247 8.8

Construction, utilities, mining 4747 11.0 2987 9.4 1268 15.1 492 17.6

Manufacturing 3107 7.2 2147 6.7 747 8.9 213 7.6

Retail/wholesale trade 6794 15.7 5099 16.0 1297 15.4 398 14.2

Transportation, warehousing 2367 5.5 1864 5.8 359 4.3 144 5.2

Information, finance, real estate,

professional

2798 6.5 2029 6.4 590 7.0 179 6.4

Administrative, support, other services 7671 17.8 5766 18.1 1433 17.1 472 16.9

Education, health care, social services 7108 16.5 5561 17.4 1147 13.6 400 14.3

Arts, entertainment, hospitality 5520 12.8 4407 13.8 860 10.2 253 9.0

Vocational retraining plan subseta (N = 1242) (n = 134) (n = 579) (n = 529)

Plan not completed 748 60.2 66 49.3 343 59.2 339 64.1

Plan completed 494 39.8 68 50.7 236 40.8 190 35.9

Vocational retraining approach subsetb (N = 1209) (n = 128) (n = 566) (n = 515)

Conventional vocational retraining plan 577 47.7 80 62.5 283 50.0 214 41.6

Option 2: Self‐directed retraining funds 632 52.3 48 37.5 283 50.0 301 58.4

Note: All variables in Table 1 were significantly associated with degree of impairment (p < 0.001 for all variables, with exception of p = 0.006 for vocational

retraining plan completion).

Abbreviations: FTE, full‐time equivalent; PPD, permanent partial disability; WBI, whole body impairment.
aConditional on having an approved vocational retraining plan and not having selected Option 2.
bConditional on having an approved vocational retraining plan (completed or not completed) and availability of Option 2 before first claim closure.
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who chose Option 2), 39.8% completed their plan; 35.9% of the

WBI ≥ 10% group completed their plan, compared with more than

half (50.7%) of those with no PPD award.

The Functional Comorbidity Index ranged from 0 to 8, with more

than 90% having no identified comorbidities; mean values were 0.07

(SD: 0.31; 95% CI: 0.07, 0.08) for the no PPD award group, 0.09 (SD:

0.33; 95% CI: 0.08–0.09) for the WBI < 10% group, and 0.18 (SD:

0.52; 95% CI: 0.16–0.20) for the WBI ≥ 10% group. Mean adjusted

pre‐injury quarterly wages were $6202 (SD: $5846; 95% CI:

$6138–$6266) for the no PPD award group, $7219 (SD: $6730; 95%

CI: $7075–$7363) for the WBI < 10% group, and $7174 (SD: $7080;

95% CI: 6912–$7437) for the WBI ≥ 10% group. Hazard group ran-

ged from 1 to 9, with a mean of 3.70 (SD: 2.27; 95% CI: 3.68–3.73) for

the no PPD award group, 4.08 (SD: 2.41; 95% CI: 4.03–4.13) for the

WBI < 10% group), and 4.36 (SD: 2.50; 95% CI: 4.27–4.45) for the

WBI ≥ 10% group.

Unadjusted Kaplan–Meier survival curves were used to depict

the proportion of injured workers not reinjured over time, by degree

of impairment and for each timescale (Figure 1). When using the

calendar timescale, workers with no PPD award appeared slightly

more likely to be reinjured. When using timescales based on wages or

hours worked, in contrast, degree of impairment sorted out in the

hypothesized manner, that is, workers with a higher degree of im-

pairment were more likely to be reinjured.

Comparing survival functions by timescale provides a direct as-

sessment of the difference between using calendar time versus more

accurate measures of time at risk. Based on survival functions

(Table 2), 16% of all workers in our sample were reinjured within four

FTE quarters (i.e., 1 year of full‐time work) after initial injury,

whereas it took an estimated eight calendar quarters (i.e., 2 calendar

years) for the same percentage to be reinjured. At 15 years

(60 quarters) of follow‐up, fewer than half were estimated to be

reinjured when using the calendar timescale, whereas nearly 70%

were estimated to be reinjured when using the FTE timescale.

Using any of the three timescales, rates of first reinjury per

100 worker‐years were highest in the first two quarters after initial

injury (Figure 2). These elevated reinjury rates (nearly double the

long‐term rates shown in Table 3) gradually decreased, and then

leveled off after about 4 years.

Estimated time from initial injury to first reinjury at the 25th

percentile, and rate of first reinjury per 100 worker‐years are pre-

sented in Table 3, by degree of impairment and timescale. (The 25th

percentile was used because the median was not observed for ca-

lendar quarters, i.e., <50% of injured workers were reinjured during

follow‐up.) When using the calendar timescale, we found that

workers with the highest degree of impairment had the longest es-

timated time to reinjury and the lowest overall reinjury rate. On the

other hand, using timescales based on wages or hours worked gen-

erated findings in accord with our hypothesis that, when accounting

for work‐time at risk, higher degrees of impairment would be asso-

ciated with shorter times to reinjury and higher overall reinjury rates.

For each timescale in turn, we used unadjusted and adjusted

regression models to estimate reinjury risk by degree of permanent

impairment (Table 4). In unadjusted models, when using the calendar

timescale, both subgroups of workers with PPD awards (WBI < 10%

and WBI ≥ 10%) were estimated to have a lower reinjury risk than

F IGURE 1 Unadjusted Kaplan–Meier survival curves (proportion of injured workers not reinjured), by degree of impairment and timescale.
FTE, full‐time equivalent; PPD, permanent partial disability; WBI, whole body impairment
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workers without a PPD award. After adjusting for covariates, reinjury

risk no longer appeared to differ across the three groups. However, a

very different picture emerged when using timescales based on any‐
wage or FTE quarters. Those models, whether unadjusted or ad-

justed, evidenced a significant monotonic trend of increasing reinjury

risk as degree of impairment increased. Covariate adjustment was

not enough to reveal this pattern—adjustment for time at risk via

timescale choice was more important. Similarly, choice of timescale

markedly affected other subgroup comparisons of reinjury risk, in-

cluding those based on Functional Comorbidity Index, age, and pre‐
injury wages (Table 4).

We used the regression models described previously to estimate

associations between two aspects of vocational rehabilitation pro-

gram participation and reinjury risk. Adjusted models included all

covariates presented in Table 4, and also included the specified vo-

cational rehabilitation variable (Table 5). We found that workers who

completed a vocational retraining plan were significantly and sub-

stantially less likely to be reinjured, compared with those who did not

complete their plan (Table 5). In addition, we found that workers who

chose self‐directed retraining funds (Option 2) were significantly and

substantially more likely to be reinjured, compared with those who

chose a conventional retraining plan (Table 5). Although all three

timescales resulted in the same direction of effect for both vocational

factors, the adjusted models resulted in statistically significant as-

sociations when using timescales based on any‐wage or FTE quarters,

but not when using calendar time. Estimated effect sizes were largest

when using the FTE quarters timescale.

4 | DISCUSSION

In this study, we demonstrated the importance of using a timescale

that reflects work‐time at risk (vs. calendar time) when estimating

reinjury risk, which is particularly important for workers who work less

than full‐time or have employment interruptions, and when comparing

groups of workers with differential employment patterns. We found

TABLE 2 Survival function (proportion of injured workers not reinjured), by timescale

Calendar quarters Quarters with any wages FTE quarters (hours worked/520)

Quarter N at risk
Survival
function 95% CI N at risk

Survival
function 95% CI N at risk

Survival
function 95% CI

0 43,114 1.00 43,114 1.00 – 43,114 1.00

1 42,733 0.97 0.97–0.98 41,060 0.96 0.96–0.96 36,165 0.95 0.95–0.95

4 40,232 0.91 0.91–0.92 33,704 0.88 0.88–0.88 27,283 0.84 0.84–0.84

8 35,590 0.85 0.84–0.85 25,123 0.78 0.78–0.79 18,915 0.74 0.73–0.74

12 30,161 0.79 0.79–0.80 18,272 0.71 0.71–0.72 13,114 0.66 0.66–0.67

24 17,080 0.69 0.69–0.70 6450 0.57 0.57–0.58 4299 0.52 0.52–0.53

36 6930 0.63 0.63–0.64 1332 0.49 0.48–0.50 1008 0.45 0.44–0.46

48 576 0.59 0.58–0.60 38 0.44 0.42–0.46 146 0.38 0.37–0.40

60 12 0.56 0.54–0.58 1 0.41 0.36–0.47 28 0.34 0.30–0.37

Abbreviations: CI, confidence interval; FTE, full‐time equivalent.

_

F IGURE 2 Time‐varying rate of first reinjury per 100 worker‐years during the first 5 years (20 quarters) after initial injury, by timescale.
FTE, full‐time equivalent; Q, quarter
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that choice of timescale markedly affected rate estimation, even for

our full cohort of injured workers. Overall reinjury rates nearly dou-

bled when using hours worked (12.5 per 100 worker‐years) compared

with using calendar time (5.9 per 100 worker‐years). Using any‐wage

quarters gave an intermediate estimate that was more similar to hours

worked than to calendar time (10.0 per 100 worker‐years); using any‐
wage quarters may be a reasonable alternative to using hours worked,

depending on characteristics of a particular state's wage files.

In contrast to regression models based on calendar time, re-

gression models based on any‐wage or FTE quarters evidenced a

significant monotonic trend of increased reinjury risk as degree of

impairment increased. Covariate adjustment was not enough to re-

veal this pattern—adjustment for time at risk via timescale choice

was more important. In line with our hypothesis, workers with ≥10%

WBI (compared with workers with no PPD award) had an estimated

34% higher risk of reinjury when using hours worked; no difference

was detected when using calendar time. This stands in contrast to a

study by Gotz et al.,7 who found that Wisconsin workers with a PPD

award were less likely to be reinjured compared with other Wis-

consin workers, even after excluding quarters with no wages from

the denominator (comparable to our any‐wage quarter timescale).

The reason for the difference in findings is unclear. Although Gotz

et al. did not distinguish subgroups based on degree of impairment,

this would not account for the difference, as we observed increased

reinjury risk among workers with any degree of permanent impair-

ment. One notable difference was that Gotz et al. excluded ag-

gravations of the initial injury (reopened WC claims), focusing instead

on unrelated new WC claims; however, compared with workers with

an injury involving only temporary disability, workers with perma-

nent impairment may be more likely to have aggravations/exacer-

bations of their existing injury, rather than an unrelated new injury.

Our finding of elevated reinjury risk among workers with per-

manent impairment comports with findings from a related survey,

which revealed that more than half of respondents thought their

permanent impairment put them at higher risk of being reinjured at

work, compared with pre‐injury (65.2%), or compared with cow-

orkers in the same job (54.4%).22 The importance of our findings

regarding elevated reinjury risk extends beyond workers who have

filed WC claims; functional limitations are highly prevalent in the

workplace, affecting as many as 22% of employed U.S. workers.53

In addition to permanent impairment, findings related to several

other subgroup comparisons reinforce the importance of timescale

choice. For example, when using calendar time, there appeared to be

a monotonic trend of lower reinjury risk with increasing age, com-

pared with ages 18–24, but this changed using other timescales. Of

particular note, reinjury risk for older workers was markedly un-

derestimated using calendar time and, importantly, also using any‐
wage quarters. This may be due to the much higher prevalence of

part‐time work in this age group.54 In another example, having more

comorbidities (as measured by the Functional Comorbidity Index),

was significantly associated with lower reinjury risk when using a

calendar timescale; however, this association was no longer sub-

stantial nor significant when using any‐wage or FTE quarters. In a

study of injured workers in Colorado, Schwatka et al.5 found that

certain comorbidities were associated with lower odds of a future

WC claim; they did not control for amount of work‐time at risk

during the follow‐up period, which may have contributed to that

finding.

Reinjury outcomes for injured workers participating in WC vo-

cational rehabilitation programs were of particular interest because

nearly 90% of these workers had a work‐related permanent impair-

ment. We found that workers who completed their approved voca-

tional retraining plan were significantly and substantially less likely to

be reinjured, compared with those who did not complete their plan.

In addition, we found that workers who chose self‐directed retraining

funds (Option 2) were significantly and substantially more likely to be

reinjured, compared with those who chose a conventional retraining

plan. These findings merit further inquiry to understand the under-

lying mechanisms, especially as these programs operate at the WC

system level and thus could have important impacts on the health

and safety of a large number of workers.

Another important finding relates to the variation in reinjury risk

over time. Using any of the three timescales, rates of first reinjury per

100 worker‐years were highest in the first two quarters after initial

injury—nearly double the longer‐term rates. Reinjury rates gradually

decreased over time since initial injury, and then leveled off after

about 4 years. These findings identify the first six months after re-

turning to work as a particularly important window of opportunity

for prevention efforts, but it is also important to note that elevated

risk persists for years. In accord with our findings, Lipscomb et al.2

TABLE 3 Time from initial injury to first reinjury, and rate of first reinjury per 100 worker‐years, by degree of impairment and timescale

Calendar quarters Quarters with any wages FTE quarters (hours worked/520)

Impairment N P25 (95% CI) Rate (95% CI) P25 (95% CI) Rate (95% CI) P25 (95% CI) Rate (95% CI)

Overall 43,114 17 (16–17) 5.9 (5.8–6.0) 10 (10–11) 10.0 (9.9–10.2) 7.4 (7.2–7.6) 12.5 (12.3–12.7)

No PPD 31,912 16 (15–16) 6.1 (6.0–6.3) 11 (10–11) 9.8 (9.6–10.0) 7.7 (7.5–8.0) 12.2 (12.0–12.5)

WBI < 10% 8404 17 (16–18) 5.5 (5.3–5.7) 10 (10–11) 10.1 (9.7–10.4) 7.2 (6.8–7.6) 12.4 (12.0–12.9)

WBI ≥ 10% 2798 21 (19–23) 4.9 (4.6–5.2) 8 (8–9) 12.7 (11.9–13.5) 5.0 (4.6–5.6) 16.8 (15.7–17.9)

Note: The 25th percentile was used for this table because the median was not observed for calendar quarters (i.e., <50% of injured workers were reinjured

during follow‐up).
Abbreviations: CI, confidence interval; FTE, full‐time equivalent; P25, 25th percentile; PPD, permanent partial disability; WBI, whole body impairment.
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found that carpenters with back injuries remained at elevated re-

injury risk for over 3 years after their initial injury.

Strengths of this study included the large cohort, for which the

first‐known WC claim filed in Washington State could be identified.

Assembling the cohort based on the first‐known WC claim allowed

for definitive identification of the PPD rating with the initial injury;

for subsequent claims, the PPD rating can reflect adjustment of a

rating from a prior injury that caused permanent impairment—a

TABLE 4 Unadjusted and adjusted regression models of reinjury risk, by timescale (N = 43,114)

Calendar quarters Quarters with any wages FTE quarters (hours worked/520)

Characteristic/model HR 95% CI pa HR 95% CI pa HR 95% CI pa

Unadjusted

Impairment (Ref: No PPD award) 0.001 <0.001 <0.001

WBI < 10% 0.95 0.91–0.99 1.05 1.01–1.09 1.05 1.01–1.10

WBI ≥ 10% 0.90 0.84–0.96 1.29 1.21–1.38 1.37 1.28–1.47

Adjusted

Impairment (Ref: No PPD award) 0.947 <0.001 <0.001

WBI < 10% 1.00 0.95–1.05 1.06 1.01–1.11 1.08 1.03–1.13

WBI ≥ 10% 1.00 0.92–1.06 1.26 1.18–1.36 1.34 1.25–1.44

Body part (Ref: Spine/neck) 0.423 0.005 0.004

Upper extremity 0.99 0.94–1.03 0.94 0.90–0.98 0.94 0.89–0.98

Lower extremity 0.97 0.92–1.02 0.92 0.87–0.97 0.92 0.87–0.96

Other/multiple 0.96 0.91–1.01 0.95 0.90–1.00 0.95 0.90–1.00

Functional comorbidity index 0.93 0.88–0.99 0.017 0.97 0.92–1.03 0.364 0.98 0.92–1.04 0.405

Female (Ref: Male) 0.85 0.82–0.89 <.0001 0.84 0.81–0.88 <0.001 0.91 0.87–0.94 <0.001

Age (Ref: 18–24) <.0001 <0.001 0.004

25–34 0.93 0.88–0.97 1.02 0.97–1.06 1.01 0.97–1.06

35–44 0.95 0.91–1.01 1.09 1.03–1.15 1.09 1.04–1.16

45–54 0.88 0.83–0.93 1.04 0.98–1.10 1.04 0.98–1.11

55–64 0.74 0.68–0.80 0.95 0.88–1.02 1.00 0.93–1.08

≥65 0.45 0.38–0.54 0.70 0.59–0.83 0.87 0.73–1.04

Preferred language (Ref: English) <0.001 <0.001 <0.001

Spanish 1.14 1.08–1.20 1.19 1.12–1.25 1.11 1.05–1.17

Other 0.81 0.73–0.91 0.80 0.71–0.90 0.74 0.66–0.83

Urban‐rural residence county (Ref: Large

central metropolitan)

0.025 <0.001 <0.001

Large fringe metropolitan 1.06 1.01–1.11 1.09 1.04–1.14 1.10 1.05–1.15

Medium metropolitan 1.05 1.00–1.11 1.07 1.01–1.12 1.08 1.03–1.14

Small metropolitan 1.01 0.95–1.07 1.00 0.94–1.06 1.02 0.96–1.08

Micropolitan 0.99 0.92–1.06 0.98 0.92–1.05 0.99 0.92–1.06

Noncore 0.93 0.82–1.05 1.00 0.89–1.14 1.04 0.92–1.19

Pre‐injury wages ($10,000 increments) 1.05 1.03–1.08 <0.001 0.82 0.80–0.85 <0.001 0.69 0.67–0.72 <0.001

Large employer (Ref: Small employer) 1.22 1.17–1.26 <0.001 1.16 1.12–1.21 <0.001 1.13 1.09–1.17 <0.001

Industry sector (Ref: Information, Finance,

Real Estate, Professional)

<0.001 <0.001 <0.001

Agriculture, forestry, fishing, hunting 1.18 1.06–1.31 1.21 1.09–1.35 1.20 1.08–1.34

Construction, utilities, mining 1.08 0.98–1.19 1.14 1.04–1.26 1.22 1.11–1.34

Manufacturing 1.34 1.22–1.47 1.33 1.21–1.46 1.28 1.17–1.41

Retail/wholesale trade 1.13 1.04–1.23 1.11 1.02–1.21 1.09 1.00–1.19

Transportation, warehousing 1.24 1.12–1.38 1.30 1.18–1.44 1.28 1.15–1.42

Administrative, support, other services 1.15 1.06–1.25 1.20 1.11–1.30 1.22 1.12–1.32

Education, health care, social services 1.27 1.17–1.38 1.25 1.15–1.36 1.24 1.14–1.35

Arts, entertainment, hospitality 1.13 1.03–1.24 1.13 1.03–1.24 1.17 1.06–1.28

Hazard group 1.03 1.02–1.04 1.04 1.03–1.05 1.04 1.03–1.05

Note: In addition to covariates shown, models were fully stratified by year of initial injury (baseline hazard unique to each year).

Abbreviations: CI, confidence interval; FTE, full‐time equivalent; HR, hazard ratio; PPD, permanent partial disability; Ref, reference category; WBI, whole

body impairment.
ap Value on referent line reflects joint test for set of categories within variable.
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circumstance that would not be clearly distinguishable using the

available WC claims data. Washington State is one of only four states

with no private WC insurers, which facilitates population‐based
research.42,43 In addition, access to state wage files enabled us to

avoid conflating the end of time loss compensation with actual return

to work, thereby avoiding an inherent limitation of reinjury studies

that rely solely on WC claims data and do not measure employment

directly.3,8,13,55 Though common practice, using the end of time loss

compensation as a proxy for return to work leads to underestimation

of time lost from work,56 as well as to underestimation of reinjury

rates via inflated at‐risk denominators. State wage files are an effi-

cient but underused approach for identifying return‐to‐work

patterns.57 In a unique back reinjury study, person‐hours of work

based on union carpenter work records were used to measure time

at risk, but this approach is not feasible for statewide or cross‐sector
studies.2 Using wage files, we were able to measure time worked (and

thus reinjury rates) even while the initial WC claim was open, and

irrespective of time loss payments.

This study also had several limitations. First, identification of

reinjury relied on reopening or filing a WC claim, and many work‐
related injuries are not reported to WC, particularly among workers

65 and older.58‐60 This limitation may have been mitigated by the fact

that this cohort of workers had already filed an initial WC claim.

However, reinjury definitions based on WC claims generally result in

lower risk estimates compared with definitions based on recurrence

of pain or health care utilization;61 as such, our reinjury estimates are

likely to be conservative. Second, the accuracy of the hours‐worked

data in the wage files is unclear. Fortunately, use of any‐wage

quarters resulted in estimates closer to those using hours worked

than those using calendar quarters, and may be a reasonable alter-

native when hours worked are unavailable or data quality is suspect.

Third, state wage files do not capture earnings for workers who are

self‐employed or work in exempt occupations.44 A study based on

the Current Population Survey found that self‐employment rates

were higher among workers with limitations, compared with workers

without limitations, and the self‐employment differential also in-

creased with education and age.62 Such differential inclusion in wage

files may have affected our reinjury estimates for permanent im-

pairment and age subgroups, to an unknown degree. Finally, all

covariates were also based on administrative data, and thus have

measurement limitations (e.g., the WBI variable was essentially a

lower bound estimate,22 and the Functional Comorbidity Index was

almost certainly underestimated, because diagnoses unrelated to the

WC injury may not be reported to WC for billing purposes50).

5 | CONCLUSIONS

Linking state wage data to WC claims facilitates measurement of

long‐term employment patterns, yielding more accurate reinjury es-

timates. Choice of timescale substantially affects reinjury estimates

and comparisons between groups with differential return‐to‐work

patterns. We found that overall reinjury rates nearly doubled when

using hours worked, compared with using calendar time. Using hours

worked, workers with ≥ 10% WBI had a 34% higher risk of reinjury,

relative to workers with no PPD award; no such difference was de-

tected using calendar time. Choice of timescale also had substantial

impact on comparisons by age category and by number of co-

morbidities. This study identified the first six months after returning

to work as a particularly important window of opportunity for pre-

vention efforts, though elevated reinjury risk persisted for about

4 years.
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