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Introduction
Occupational carpal tunnel syn-

drome (OCTS) is a major cause of lost
work days and workers' compensation
costs in the United States. A recent Cen-
ters for Disease Control report, based
on physician reporting, estimated that
47 percent of carpal tunnel cases are
work-related.' Industry-specific preva-
lence rates of OCTS have been reported
to be as high as 15 percent.2 Most such
reports reflect prevalence rates in indi-
vidual plants or small populations of
workers.

Population-based data on the inci-
dence of OCT'S has been difficult to gen-
erate. The principal problem appears to be
that OCTS does not have a unique code in
the US Department of Labor Z-16.2 cod-
ing system. All wrist disorders are aggre-
gated, and specifically diagnosed cases of
OCT'S cannot be identified routinely. A
recent report using Wisconsin workers'
compensation data could identify only
"potential" OCTS cases.

Washington State Department of La-
bor and Industries' claims and medical bill
payment information systems were uti-
lized to generate age-, sex- and industry-
specific OCTS rates for the years 1984-88.
In the context of this study, the validity of
using such an administrative data base in
performing epidemiologic research was
investigated.

Methods

Workers' Compensation System
The Washington State Department of

Labor and Industries (L&I) is the sole reg-
ulator ofworkers' compensation coverage
in Washington State covering approxi-

mately 1.3 million full-time workers in
1988. Coverage for roughly one-third of
these workers is through self-insurance
administered company programs, and the
other two-thirds of workers are covered
by the Washington State Fund.

Claims Management Data Base
The L&I claims management data

base consists oftwo major data processing
systems. The Medical Information and
Payment System receives all billing infor-
mation generated by provider medical
bills. This system records such relevant
items as dates of service, all associated
procedure (CPT) codes, and physician di-
agnosis by Intemational Classification of
Disease (ICD)4 code for each provider
visit.

The Labor and Industries Industrial
Insurance System contains all data nec-
essary for administration of claims. Re-
corded data include age, sex, claim ID,
claimant ID, social security number, na-
ture of injury (Z16.2) codes, time loss,
and medical aid paid-to-date. In addition,
industry type is coded using the Wash-
ington Industrial Classification (WIC)
system.
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Incident OCTS Clain Deiniin
A data extract was generated of all

medical bill line itemswith an ICD code of
354.0 (carpal tunnel syndrome) or 354.1
(median nerve neuritis) from both the
claims and medical bill payment systems.
The data set included both compensable
(time loss) and non-compensable claims
for which medical bills were paid between
January 1, 1984 and December 31, 1988.
Self-insured claims were excluded from
both the numerator and denominator in
subsequent analyses due to incomplete
data.

An incident claim was defined as the
first appearance of a paid bill for a claim-
ant with a physician ICD diagnosis of
354.0 or 354.1 between 1984-88. An al-
gorithm was developed to identify unique

claimants by claimant ID and social se-
curity numbers. This process ensured the
removal of multiple claims for the same
condition or conditions recurring at a
later date, and eliminated problems of
missing claimant identifiers for archived
claims.

Denominators
OCTS incidence rates by year and

industry were estimated directly using
worker hours reported to L&I. Worker
hours were converted to full time equiv-
alent workers (FTEs) by FTEs = total
hours reported/2000.

Age- and sex-specific denominators
were not available from worker hours re-
ported to L&I and were estimated by us-
ing other available data. Census data for
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FIGURE 1-Carpal Tunnel Syndrome Incidence Rates 1984-88

Washington State (1980) were used to es-
timate an age/sex distribution for the em-
ployed population. The Office ofFinancial
Management state and county projected
population figures for 1980-91 were used
to determine percent changes in the age/
sex-specific strata between 1980 and the
years of interest.

Indust,y-Specific OCTS Rates
Worker hours reported to L&I rep-

resent hours of exposure by Washington
Industrial Classification (WIC). An indus-
trial classification is a grouping of indus-
tries that share similar workplace expo-
sures. Currently there are 975 industrial
classifications. OCTS rates are presented
using WIC classifications as a surrogate
for industry type. In order to eliminate
unstable rates, only those classifications
with a minimum of 25 OCTS cases over
the five-year study period were included
in the study.

Misclassification Studies
Two separate sub-studies were per-

formed in an attempt to define potential
misclassification: 1) avalidation study us-
ing the medical records for a random
sample of 245 incident claims during the
period 1984-88 to estimate (a) the pro-
portion ofclaims with a documented phy-
sician diagnosis, and (b) the proportion of
claims that fit the clinical criteria for case
definition according to National Institute
for Occupational Safety and Health
(NIOSH) standards (Table 1)1, and 2) a
review of ICD coding errors associated
with a separate sample of L&I claimants
who received carpal tunnel surgery be-
tween 1984-87.

Statistical Methods
Incidence ratesby age, sex, year, and

industry are expressed as numbers of
OCI7S claims/1,000 FTEs. A statistical
comparison of rates for male/female dif-
ferences and test for trend over time were
done using formulas reflecting a Poisson
distribution.5'6 Each industry-specific rate
was compared to the industry-wide rate,
and a crude incident rate ratio with a 95
percent confidence interval was devel-
oped.6

Results

OCTS Incidence by Age, Ser, and
Year

Figure 1 shows that the incidence rate
for OCTS claims increased from 1.78/
1,000 FTlEs in 1984 to 2.00/1,000 FTEs in
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FIGURE 2{-Carpal Tunnel Syndrome Incidence Rates by Age 1984-88

1988 (1,533 claims in 1984; 1,320 claims in
1985; 1,475 claims in 1986; 1,642 claims in
1987; and 1,956 claims in 1988). The trend
of increase is statistically significant (p <
.01).

The OCT'S incidence rate peaked in
the 25-44 age group (mean age 37.4 years)
(Figure 2). The overall incidence rate for
females (1.96/1,000 FTEs) was signifi-
cantly greater than that for males (1.58/
1,000 FTEs, p < 0.001), and this differ-
ence has increased over time (Figure 3).
The female OCTS incidence rate in-
creased significantly between 1984-88 (p
< 0.005), while the male incidence rate
remained stable with no statistically sig-
nificant trend.

Rate Per
1 000
FTE'S

4 >65

Industry-Specific OCTS Incidence
Rates

For the period 1984-88, the industry-
wide OCTS incidence rate was 1.74
claims/1,000 FTEs. The top 20 industries
are presented sorted by rate (Table 2) and
by total number of incident claims (Table
3). The highest OCTS rate of 25.7 claims/
1,000 FTEs for oyster, crab, and clam
packing was approximately 15-fold higher
than the industry-wide rate (1.74 claims/
1,000 FTEs).

Misclassification
OCTS Case-Definition Study-In

order to validate the methodology used
to identify OCTS claims, medical
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FIGURE 3-Carpal Tunnel Syndrome Incidence Rates by Sex 1984-88

records for a random sample of 245
incident OCJTS claims were reviewed.
Two hundred and one (201) out of 245
claims (82 percent) did have a physician
diagnosis of OCTS documented in the
medical records. The proportion of inci-
dent claims without a clear diagnosis of
OCT'S was consistent across age, sex,
and year; no significant differences in
proportions were seen within these cate-
gories. A high correlation was found be-
tween physician diagnosis of OCI'S and
the criteria set out by NIOSH for case
definition. Of the 201 cases with a physi-
cian diagnosis in the medical records, 186
(93 percent) met NIOSH standards for
OCTS.

An attempt was made to reduce
the potential misclassification due to
"false" OCT'S claims (missing a clear
physician diagnosis) by testing more
restrictive incident claim definitions
(Table 4). The baseline inclusion cri-
teria of at least one visit with ICD codes
354.0 or 354.1 resulted in a "false" claims
rate of 18 percent (44/245) in the val-
idation study. Minimally increasing
the inclusion criteria to: a) more than
one visit with ICD codes 354.0 or
354.1, or b) subsequent carpal tunnel sur-
gery, would exclude 77 percent (34/44) of
the "false" OCTS claims. However, 32
percent (64/201) of the true claims (with
physician diagnosis) would also be ex-
cluded.

Diagnostic Coding Error Study-In
order to determine how much misclassi-
fication by diagnosis exists in the data
base, an extract was made of all medical
bills with a CPT procedure code of 64721
(carpal tunnel decompression surgery)
for the time period 1984-87. There were
2,507 unique carpal tunnel surgery claims
with 212 associated ICD codes. A clas-
sification system (Table 5) was developed
to assign the various diagnoses as: 1) CTS
with ICD codes 354.0 or 354.1; 2) CT'S of
traumatic origin; or 3) all other ICD
codes. This misclassification study is
based on the assumption that all surgeries
were indeed cases of CTS. If data were
extracted from the system based entirely
upon ICD codes 354.0 or 354.1, only 71.6
percent (1,793/2,507) of CTS claims
would be captured. Only 3.4 percent (86/
2,507) of claims that had received carpal
tunnel surgery had diagnosis codes sug-
gesting CIS of traumatic origin. Other
diagnosis and data entry errors com-
prised 25 percent (628/2,421) of CIS sur-
gery claims.
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Discussion
Although findings from a number of

recent case-control studies demonstrate a
strong association between workplace ex-
posures (high repetition, high force, vibra-
tion) and carpal tunnel syndrome,7-11 this
is the first population-based study to re-
port age-, sex- and industry-specific inci-
dence rates of OCS. The mean age and
female/male gender ratio (37.4 years; F:M
= 1.2:1) of the OCrS population reported

here differ dramatically from that reported
for non-occupational carpal tunnel popu-
lations (51 years; F:M = 3:1).12,13 These
clear demographic differences between
the occupational and non-occupational
CTS populations, aswell as the magnitude
of numbers reported here, would appear
to support the concept that workplace ex-
posures may be responsible for a substan-
tial proportion (up to 47 percent)1 of phy-
sician-reported carpal tunnel cases.

The highest incidence rate reported

here for shellfish packing (25.7 claims/
1,000 FTEs) is similar to the highest re-
ported incidence rates of "potential" car-
pal tunnel cases using Wisconsin WC
data.3 Industry-specific rateswould be ex-
pected to vary according to the distribu-
tions of industries in each state or region.
Some of the highest rates reported here
are very characteristic of Washington
State (seafood processing and canning,
logging and wood products manufac-
turing, boat building), whereas others are
represented in many regions and could be
used for comparison (meat and poultry
processing, carpentry, fruit and vegetable
canning, egg production, foundries, wall-
board installation, roofing, plastics manu-
facturing, and construction).

Industries reported in Table 3, sorted
by total numbers ofcases, represent more
modest incidence rates and rate ratios.
Rates for some of these industries (retail
groceries, clothing manufacturing, print-
ing and lithography, and electric wiring)
may involve relativelyweakCTS hazards,
ormay represent dilution ofhigh exposure
jobs by increased job diversification in
some industries. Others with very high
numbers of claims but non-significant rate
ratios (e.g. restaurants) or difficult to ex-
plain exposures (e.g. convalescent and
nursing homes) require further investiga-
tion.

Although video display terminal
(VDT) operation has been associated with
cumulative trauma disorders,14 its rela-
tionship to OCTS has not been docu-
mented clearly in the literature. The in-
dustrial classes reported here whose
claims may be related to VDT exposure
(e.g. clerical, state employees, higher ed-
ucation employees) have non-elevated
rate ratios. As these industrial classes rep-
resent a wide range of occupations, an as-
sociation between VDT use and CTS may
be diluted. Underreporting ofcases in pre-
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dominantly female job titles might be an
alternative explanation for these lower
than expected rates.

Rates among females increased sig-
nificanfly during the study period, while
rates among males remained stable. The
trends could be due to prior underreport-
ing of claims among females or to a shift of
women into higher exposure jobs. Be-
cause the gender-specific rates reported
here depend on extrapolated rather than
direct denominators, these conclusions
should be validated in other studies.

Potential pitfalls in the use of work-
ers' compensation 15 and other administra-
tive data bases16 to generate epidemiologic
research have been well documented. Se-
rious underreporting of-OCTS cases to
workers' compensation bureaus,1'15 a lack
ofspeciflcityin the current US Department
of Labor coding system,3 and difficulty
generating direct denominators17 present
formidable obstacles that will require pub-
lic policy changes before improvement is
realized. We were able to mitigate the ef-
fects of the latter two problems by use of
physician-generated ICD billing codes and
worker hours reported by WIC, respec-
tively.

Misclassification and coding errors
are other serious problems in using work-
ers' compensation data. Incidence rates
for OCTS presentedwere subject to error
by both overcounting and undercounting.
We were able to validate that only 82 per-
cent of incident claims are true cases of
carpal tunnel syndrome by documented
physician diagnosis in the medical rec-
ords. This potential source of overcount-
ing, however, was non-differential by age,
sex, or year, and using more or less re-
strictive inclusion criteria for incident
claim definition did not reduce the degree
of misclassification.

An equally serious source of poten-
tial undercounting of incident claims was
also encountered, particularly in regard to
ICD coding errors. Only 72 percent of
unique claims that were associated with
carpal tunnel surgery had an lC:D code

(354.0 or 354.1) compatible with carpal
tunnel syndrome. Another 3.4 percent of
claims had diagnosis codes that were re-
lated to CTS of traumatic origin, but 25
percent of claims had either non-specific
diagnoses or erroneous diagnostic codes.
The latter cases would not have been cap-
tured in this study. No gains in precision
could be derived from applying these es-
timates of misclassification to the OCTS
incidence rates.

The WIC system is specific to Wash-
ington State and is not directly compara-
ble to the national Standard Industrial
Classification (SIC) coding system. We
were unable to generate reliable SIC code-
specific OCTS rates because employee
hours are not reported to L&I by SIC
code. The WIC system differs from the
SIC system in that the former sets aside a
separate classification for some occupa-
tions such as clerical workers regardless
of the employers principal industry type.
However, the WIC and SIC systems of
classification are sufficiently similar to al-
low other investigators indirect compara-
bility.

On balance, and with more complete
understanding of the limitations of work-
ers' compensation'5 and administrative
data bases,16 workers' compensation data
can be useful in generating population-
based data for the purposes of surveil-
lance, forecasting trends, and resource
targeting for loss control and prevention.
The use ofother surveillance systems, de-
pendent on direct physician or laboratory
reporting,"8"9 could provide complemen-
tary information. Workers' compensation
data might be particularly useful in the in-
vestigation of occupational conditions for
which no other good surveillance systems
exist, such as OCiS, morbid head inju-
ries, labor injuries among minors, sexual
assaults,20 or for conditions related to
mandatory reporting, such as lead poison-
ing.2' 0
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