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Introduction
Disability associated with work-related

injuries is an increasingly serious problem in
workers' compensation. Among work-re-
lated injuries, the small fraction of disabili-
ties that are of long duration account for a
large fraction of workers' compensation
costs.I More important, ifan injured worker
has not regained satisfactory work status 2
years after the injury, his or her chances of
doing so thereafter are very low.2 Given the
high costs to society of lost productivity and
the high human costs of disability to an in-
jured worker, long-duration work-related
disability is a serious public health concern.

Although many studies have investi-
gated factors that predict disability after
work-related injuries,-1_7 most have been
limited to specific tyWpes of injury; have used
relatively small, non-population-based sam-
ples; or have not adjusted for severity of
injury. This paper reports on analyses con-
ducted on a random sample of all workers'
compensation claims from Washington
State filed for injuries occurring in 1987 to
1989. Because Washington is one of six
states where employers are required to ob-
tain workers' compensation insurance ex-
clusively through a state fund (or to self-
insure), the sample is broadly representative
of work-related injuries occurring in the
state for that time period. Survival analysis
techniques were used to predict duration of
disability as a function of injury nature and
severity and a variety of worker, firm, and
industry characteristics.

Methods

Sampling Frame and Study Design
All workers' compensation claims

filed between January 1, 1987, and De-

cember 31, 1989, were identified through
the extensive claims and medical bill pay-
ment databases of the Washington State
Department of Labor and Industries. For
the purposes of this study, only employ-
ees with claims involving at least 4 days of
time lost from work (compensable claims)
were considered to be at risk for long-term
disability (Figure 1). Exclusions from the
baseline population were as follows: (1)
claims involving 3 or fewer days lost from
work as a result of occupational injury or
illness (noncompensable claims) and (2)
claims from self-insured employers (ap-
proximately 350 employers, representing
one third of covered workers), whose re-
porting requirements are inadequate for
research purposes.

A random sample of 10 000 compens-
able claims was drawn in each of the 3
years. Claims with missing information for
one or more independent variables
(n = 1527; 5.1%) were deleted from the
sample, leaving a final incidence cohort of
28 473 claims. A total of 592 claims (2.0%)
lacked the worker's monthly wage; an-
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other 935 (3.1%) had missing data on other
covariates. Duration ofdisability and most
ofthe demographicvariableswere not sig-
nificantly different between included and
excluded claims; when there were signif-
icant differences, the magnitudes were
small. This 26% sample of the total com-
pensable claim population represents the
work-related disability experience of two
thirds of the nonfederally covered work-
ers in Washington State (approximately
900 000 full-time equivalent workers).

The study involved a population-
based, retrospective cohort design'8 (Fig-
ure 1), with duration of disability serving
as the principal outcome measure. Time-
loss data were extracted in June 1991; the
mean duration of follow-up for the cohort
was 35.4 months. All known or suspected
predictors of disability duration (Table 1)
were obtained from (1) computerized
claim data collected from the initial acci-
dent report (gender, age, marital status,
dependents, benefit rate [from baseline
wage], type of injury, injury date, county
of injury, type offirm ownership [public or
private], and Standard Industrial Classifi-
cation code); (2) medical bill payment data
(the injury severity marker was hospital-
ization within 28 days of injury); (3) state
unemployment surveys (county unem-
ployment rate); (4) work hours reported
by the employer, measured in the number
of full-time equivalent workers employed
(firm size); and (5) computerized codes
relevant to premium rating (experience vs
retrospective rating).

The US Department of Labor Z16.2
codes developed by the American Na-
tional Standards Institute were used in
categorizing the nature of injuries. These
codes have wide use in workers' compen-
sation systems. Although carpal tunnel in-
juries involved a body part code of upper
extremity, wrist, or hand and were clas-
sified as nervous system condition/disease
or bursitis, the Department of Labor and
Industries specifically coded for this con-
dition during the time period under study.

The state workers' compensation
fund has two ratings that adjust the pre-
mium costs paid by employers to reflect
their accident costs: experience rating and
retrospective rating. Time-loss and medi-
cal costs are experience rated for all em-
ployers based on a 3-year average of past
costs. Retrospective rating is an optional
incentive system available to state fund
employers. Employerswith a rating better
than the average ofthose for theirjob clas-
sifications and better than their own past
ratings receive a refund of the difference;
those whose ratings decline pay the dif-
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FiGURE 1-Sanpling frame and study design: disablity oucome In WashIngton
workers' compensation, 1987 through 1989.

ference to the state. Firms in the retro-
spective rating program have disability
prevention incentives similar to those of
the self-insured firms excluded from our
sample of claims.

The last set ofvariables shown in Ta-
ble 1 was included to capture the effect of
the benefit structure on duration of dis-
ability. The basic benefit rate in Washing-
ton is 60% ofthe monthlywage at the time
ofinjury. The rate increases on the basis of
marital status (workers with a spouse re-
ceive an additional 5% benefit) and num-
ber of dependents (2% per dependent, up
to a maxinum of 10%o). The maximum
benefit rate, regardless of monthly wage,
is 75% of the state average weekly wage
prior to July 1, 1988, and 100%o of the av-
erage weeklywage after July 1, 1988. The
minimum monthly benefit of roughly $200
also varies on the basis of marital status
and number of dependents.

Since the benefit rate for most work-
ers in our sample was determined by their
marital status and number of dependents,
we could not separate out the independent
effect ofthe benefit rate on return towork.
However, for workers with a monthly
wage above that yielding the maximum
benefit amount (maximum benefit/.6), the
benefit rate did not depend on either mar-
ital status or number of dependents. In
preliminary analyses, we included a
dummyvariable equal to 1 when the wage

was above this maxmum amount, as well
as a term for the interaction between this
dummy variable and the benefit rate. The
coefficient for this interactionvariable, ap-
proximating the "pure" effect of the ben-
efit rate for a select sample ofhigh-income
workers, was not statistically signiicant.
Therefore,we used only the simpler spec-
ification shown in Table 1 to control for
the effect of workers' compensation ben-
efits on duration of disability.

In another preliminary analysis, we
linked the 1980 census occupational codes
recorded on the claim form to a file con-
taining a variety ofjob characteristics, in-
cluding educational requirements, pres-
tige, and income.19-21 These indirect
measures of socioeconomic status were
generally insignificant or inconsistent pre-
dictors of disability duration; conse-
quently, only the benefit rate variables
were included in the final analysis.

All of the variables included in the
model are categorical. For continuous
variables (age, benefit rate, firm size), the
analysis was also performed with a con-
tinuous specification (including a qua-
dratic term). In all cases, the results were
very similar regardless of specification,
and categorical results are reported here
for ease of interpretation.

The claim rather than the workerwas
the unitofanalysis, and a small percentage
ofworkers in our sample (2.8%) had mul-
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tiple claims during the 3-year study pe-
riod. Theoretically, all of these multiple
claims, if given a separate identifier,
should have involved new injuries and
therefore could be regarded as indepen-
dent events. However, individual charac-
teristics probably influenced the duration
of disability for all injuries for a particular
worker, however dissimilar the injuries.
To examine the impact of these claims on
the results, one claim was selected at ran-

dom from all workers with more than one
claim, and the analyses reported below
were rerun. The results were virtually

identical to those reported here, and itwas
concluded that any potential nonindepen-
dence effect due to multiple claims was
relatively minor.

StatisticalAnalsis
Survival analysis techniques were

used to model duration of disability as a

function of the independent variables.
Cox regression models,22 23which make
relatively few assumptions about the
shape of survival curves, were used in

these analyses. The principal assumption
of the Cox model is that the relative "haz-
ard" (in this case, the likelihood of return-
ing to work at a given point in time) is
constant over time for each categorical
variable. For example, ifmen are twice as

likely as women to return to work at 30
days, they should also be twice as likely to
do so at 90 days, 180 days, and so forth. To
verify that the proportional hazard as-

sumption underlying the Cox model was
met, we plotted the relative hazards over

time for each categorical variable. All of
the variables included met the propor-

tional hazard assumption.
Because of the large number of

claims in our sample, it was common for
the coefficients to be highly significant but
small in magnitude. Therefore, we im-
posed the additional criterion of "stabili-
ty" in deteimining which results to give
emphasis. In particular, we ran the sur-

vival analysis for each calendar year sam-
ple separately and compared the resulting
coefficients across years. Results were

classified as stable and significant if, in
each of the 3 years, they (1) were statisti-
cally significant and (2) had the same sign
and roughly the same magnitude (within a
band of 50% of the average coefficient
value).

Results
Figure 2 shows a survival curve

(Kaplan-Meier) of the percentage of
claims in the sample by duration of dis-
ability, unadjusted for covariates. The fig-
ure demonstrates that most disability du-
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rationswere short term; by 1 month, more
than halfofthe employees had returned to
work. Table 1 provides descriptive statis-
tics for the variables used in the multivari-
ate analysis. Of those filing claims, three
quarters were men, only 17% were older
than 45 years ofage, and halfwere married
at the time of the injury. The largest single
category ofinjurywasback sprains (34%),
followed by other sprains and strains
(20%). Six percent of the claims involved
a hospitalization in the first 28 days after
the date of injury. Slightly more than one
third of the claims were filed in King
County (Seattle metropolitan area), and
57% were filed by workers in small firms
(fewer than 50 employees).

The mean disability durations for
each category shown in Table 1 are in-
cluded for purposes of illustration only.
Censored claims were included in the cal-
culations, and, since categories with
claims of longer duration will also have
more censored claims, the true differences
in duration across categories (e.g., across
age groups) are probably understated.
Given this caveat, the unadjusted differ-
ences in duration across categories ranged
from a few days to nearly 5 months in the
case of injuries with and without hospital-
ization.

Table 2 presents results from a Cox
proportional hazards regression that in-
cluded all of the independent variables in
Table 1 for the 1987 to 1989 combined
sample. For each variable, the coefficient
and standard error are shown, as well as
the relative hazard (exponent of the coef-
ficient) and its confidence interval. For ex-
ample, women were only 84% as likely as
men to return to work at any given point
in time. As noted above, we distinguhed
between effects found to be stable and sig-
nificant over the 3-year period from other
effects that were either insignificant in
some years or had large changes in sign
and/or magnitude. The largest effects in-
volved injuries requiring hospitalization
(relative hazard = 0.48), carpal tunnel in-
juries (relative hazard = 0.55), and older
workers (relative hazard = 0.67). The co-
efficients on the other stable and signifi-
cant variables, while smaller in magni-
tude, indicate that workers with a longer
duration of disability were more likely (1)
to be women, older, and divorced; (2) to
have dependents; and (3) to work in
smaller firms. In addition, workers in
counties with high unemployment rates
and those in general construction were
more likely to have claims of longer du-
ration. Workers in wholesale trades were
the least likely to have such claims.

Some other results were noteworthy,
even though they did not meet our criteria
of stable and significant. Workers at firms
participating in the retrospective rating
program over the entire period had a sig-
nificantly greater chance of returning to
work (relative hazard = 1.14), although
the effect of participation at the time of
injury was insignificant. None of the ben-
efit-rate variables were significant at
P = .01, even in the combined sample of
claims.

Figures 3 and 4 present results from
the Cox regressions in an alternative,
perhaps easier to interpret, form. The
survival curves show the estimated dis-
ability survival probabilities (in percent-
age points), based on the model in Table 2,
evaluated at durations of 1 to 8 months.
The lower curve in each figure is the "ref-
erence" case, withvalues of0 for all ofthe
independent variables. In particular, the
reference case model is male, under 30

years old, and unmarried; has no depen-
dents; and has an injury other than
sprains, fractures, and carpal tunnel syn-
drome that did not require hospitalization
in the first 28 days after occurrence. The
other curves show the effect of changing
only the indicated variable. For example,
the effect ofbeing in the 30- to 44-year-old
age range raises the estimated proportion
of claims involving 6 months or more of
disability from roughly 5% to 10%. The
cumulative effect of changing several cat-
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egories at once (not shown) can be quite
large; for example, a married man more

than 45 years old with dependents and an

injury requiring hospitalization raises the
proportion of claims involving at least 6
months of disability from 6% to 45.3%.

Discusion

Using a large random sample of all
incident disability claims from the Wash-
ington State workers' compensation sys-
tem, this investigation has shown that, af-
ter adjusting for initial hospitalization,
factors that predicted longer duration of
disability included older age, female gen-

der, and a diagnosis of carpal tunnel syn-
drome or back/neck sprain. Other stable
and significant predictors with lower mag-
nitudes of effect included divorced marital
status, firm size of fewer than 50 employ-
ees, higher county unemployment rates,
and construction and agricultural work.
Workers from wholesale trades were at
decreased risk for longer term disability.
Wage replacement had no significant ef-
fect on duration of disability.

This population-based study suggests
that 17.5% of all initial disability claims
involved at least 6 months of lost time,
12% involved 1 year oflost time, and 7.4%

involved at least 2 years of lost time (see
Figure 1). Only 12.1% of those claims in
which at least 6 months of lost time accu-

mulated involved injuries requiring hospi-
talization within 1 month of occurrence.

Before comparing our results with
other studies, we should note that we de-
fined disability as the loss of capacity to
meet occupational demands as opposed to
loss of personal or social functioning. The
studies cited below share this focus on

work-related impairment.
Many studies have focused on a spe-

cific type of injury and therefore have not
been able to isolate the impact of injury
type on duration. Studies including injury
type have also found sprains and fractures
to be associated with longer duration.8
The most interesting injury-type finding
here is the long duration of carpal tunnel
claims, a result that was consistent across

years and not apparently due to outliers.
The carpal tunnel results shouldbeviewed
as preliminary given the small number of
claims in this category (2%) and the rela-
tive crudeness of the method for identify-
ing such claims (use ofZ16.2 codes). Fran-
klin et al.24 found some misclassification
even with more detailed medical informa-
tion about the injury and more stringent

criteria for classifying claims as carpal tun-
nel injuries.

Injury severity is another variable
that has not been widely used in other
studies. Our ability to characterize the na-

ture and severity of the injury was limited
by the quality of the medical billing data-
base. We chose 1 month as the cutoff in-
terval as a compromise between (1) en-

suring that therewas adequate time for the
appropriate injury treatment to be chosen
and (2) ensuring that the hospitalization
shown in the billing record was primarily
due to the particular work-related injury.
Other studies that have used hospitaliza-
tion as a proxy for severity10 have also
found it tobe correlatedwith disabilities of
longer duration. In our data, a hospital-
ization within the first 28 days was the
strongest and most consistent correlate of
longer term disability.

Anumber ofworker and family char-
acteristics, of which older age is the most
important and consistent, have been found
to influence duration of disability.2S-ll The
age effect is due both to the reduced ability
of older workers to recover from injuries
and to the reduced likelihood of finding
employment once they have recovered.
Gender has not figured prominently in pre-
vious studies, partly because a much

194 American Journal of Public HealthF

Pecn
Percent

100

90

80 _\\- _-

70 _ __

60 _ _ __ _ ___

50

40 _t __

30_ - _

20 __ < _

10

0
0 1 2 3 4 5 6 7 8

Time loss duration (months)

All other injuries - Fracture

Back/neck sprain - Carpal tunnel

Note. Values were derved from "reference case" model (male,
<30 years old, unmarried, not hospitaized).

FIGURE 4 Percentage of workers eceMng disability pay-
mert afterthe Indicated number of months since
Injury, by Injury.

0 1 2 3 4 5 6 7 8
Time loss duration (months)

Age '30 years -+- Age 30-44 years

Age '44 years

Note. Values were derived from "rene c " model (male,
unmarried, not hospitalized, "oth&' injury type).

FiGURE 3-Percentageof wo r ceMng diIlity pay-
mentsafterthe Indicated number ofmonths since
Injury, by age.

i

I

i

Febniary 1994, Vol. 84, No. 2



smaller proportion ofwomen file workers'
compensation claims. In our analysis,
women had disabilities of longer duration,
as has been found in other studies inwhich
gender has been included as a variable.1"
Divorced workers have also been found in
other studies to have longer term disabil-
ities.3,4

Several personal characteristics not
available on the Washington database
have been identified as correlates of dis-
ability duration, particularly indicators of
socioeconomic status. Higher socioeco-
nomic status is expected to be associated
with fewer claims and shorter dura-
tion.3,4,12 Manual labor occupations have
also been associated with disabilities of
longer duration when other factors have
been controlled.10"11 A number of studies
have found that higher workers' compen-
sation benefits result in longer dura-
tion.5'7,9"0 We did not find an association
between the wage replacement rate and
duration; however, as noted above, the
replacement rate was confounded with
marital status and number of dependents.
Also, because of the confounding prob-
lem, we did not pursue other, perhaps
more accurate measures ofthe income re-
placement rate such as after-tax income.

Three British studies and one Amer-
ican study9-"14 have also reported finding
a longer duration (or higher incidence) of
disabilities in areas with high unemploy-
ment rates. This indicates that duration of
disability may be sensitive to the pros-
pects for employment in the immediate
area. This result should be viewed with
caution given the difficulties involved in
estimating the effect ofaggregatevariables
on individual-level behavior.25

Industry results are scarce in the lit-
erature,6.9 and few consistent patterns
have emerged. As noted above, the indus-
try effects in our analysis were also not
significant or consistent across years. In
the combined sample, workers in con-
struction and agriculture tended to have
disabilities of longer duration, while dis-
abilities in trade and services were of
shorter duration.

Sizewas the single firm characteristic
that was a stable and significant predictor
of duration, with larger firms having
shorter durations of disability. This result
is consistent with other studies.5"17 Druy'7
has suggested a number of reasons for
smaller firms having more disability
claims and longer durations of disability:
the ability of larger firms to employ spe-
cialists in disability management, exemp-
tion of smaller firms from laws requiiring
disability benefits, and high turnover and

less access to information about disability
prevention in smaller firms. Another fac-
tor providing large firms more incentive to
shorten claims is their greater experience
ratings in standard premium calcula-
tions.26 This predicted effect ofexperience
rating is consistent with our finding that
participants in the retrospective rating
program (in which the experience rating is
more complete) had claims of shorter du-
ration. Finally, larger firms may have
greater flexbility in allowing workers to
return to modified jobs.

There are some qualifications and
limitations to our results that should be
noted. First, the data were from an ad-
ministrative database and therefore sub-
ject to a certain amount of entry errors,
miscoding, and misclassification.24,27
Much of the information used was from
the claim form filled out by the physician
and coded by the state at the time of in-
jury. Those fields required for billing and
claims administration (e.g., marital status,
company identifier, hospitalization rec-
ords) are closely monitored; fields not di-
rectly related to billing the state and the
firm may be subject to greater error (e.g.,
injury type). In general, the effect of cod-
ing and data-entry errors will be to atten-
uate the relationships examined in the sur-
vival analysis.

The results are obviously specific to
Washington State, and caution should be
exercised in extrapolating them to other
states. Washington does have a relatively
diverse set of industries, including re-
source-based (logging, agriculture), heavy
and light manufacturing, and trade and
services industries. However, a number
of the largest employers-350 represent-
ing one third of covered workers-were
self-insured and therefore excluded from
the study. Firm size and the retrospective
rating program were included in the anal-
ysis, so some of the effects of size and
presence of disability prevention incen-
tives similar to being self-insured were at
least partially controlled. Other factors
specific to Washington include the claims-
handling procedure and system of voca-
tional rehabilitation. A substantial revi-
sion of claims handling in early 1989 was
intended to reduce the number of long-
duration claims, although an effect of this
change on disability duration was not
found in our sample (Table 2).

A final limitation is that these inde-
pendent variables measured worker, firn,
and industry characteristics only at the
time of injury. Other factors related to
medical management and vocational re-
habilitation were higly correlated with

Work-RelatedDb ity

duration of disability; thus, their effects
could not be estimated independently
within our study design.

This study is subject to a number of
limitations; however, its strength was that
it (1)was population based, (2) allowed for
a mean follow-up ofnearly 3 years, and (3)
adjusted for hospitalization within 28 days
of injury (used as a proxy for injury se-
verity). The principal findings suggest that
older workers, women, and patients with
carpal tunnel syndrome or low-back/neck
sprains are all at a disadvantage in regard
to the risk for longer term disability, even
after adjustment for hospitalization.
Greater disability prevention efforts tar-
geted at these subgroups could have sig-
nificant economic and public health ef-
fects. O
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