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Introduction

Injury is the leading cause of death
for persons under the age of 45, account-
ing for more years of potential life lost than
heart disease and cancer combined.1 Oc-
cupational injuries are an important subset
of the larger injury problem and are esti-
mated to account for one sixth of all fatal
injuries to persons between the ages of 17
and 64.2 Several private and federal agen-
cies independently estimate the number of
occupational injury deaths each year;
however, there is currently no agreed-
upon method for making such
estimates.3-7 For this reason, the annual
number of occupational injury deaths dif-
fers widely between reporting sources.
For example, the following widely dis-
crepant estimates were made for the num-
ber of occupational injury deaths occur-
ring in 1985: Bureau of Labor Statistics,
3750; National Institute for Occupational
Safety and Health (NIOSH), 6385; and
National Safety Council, 11 170.3,5,6

Several states and countries have
used death certificates to describe occu-
pational injury deaths.23,8,9-M They have
also been used alone and in conjunction
with other sources to study fatal injuries to
farmers22-24 and truck drivers29 and homi-
cides and suicides in the workplace.14-25,26
The Division of Safety Research at
NIOSH uses death certificates for surveil-
lance of occupational injury deaths.3

The only variable on the death cer-
tificate used by NIOSH to define work
relatedness is the injury-at-work item.
However, the National Center for Health
Statistics (NCHS) does not include this
item in its vital statistics mortality tapes,
there is no national guideline for its com-
pletion, and different states may define in-
jury at work differently.

Table 1 summarizes the results of
several state studies comparing case as-
certainment using various data sources.
These studies demonstrate that death cer-
tificates identify between 57% and 88% of
occupational injury deaths. The literature
indicates that occupational injury deaths
are underreported using death certificates
and that certain industries, occupations,
extemal causes of death, and gender or
race groups may consistently be under-
represented. For example, deaths that oc-
cur in occupations involving substantial
amounts of driving of motor vehicles on
public roads are often not identified as oc-
cupational fatalities.8,29-31

While surveillance systems often rely
on sources that do not identify every oc-
currence ofthe condition under study,32-35
the cases that are captured must be rep-
resentative of the population of cases. If
missing cases are distributed in occupa-
tion and industry groups similarly to cases
in the surveillance system, there may be
no bias in conclusions based on these data;
however, if the cases missed are system-
atically different from those identified,
then their exclusion could bias results,
causing public health resources to be mis-
directed. Therefore, the representative-
ness of deaths identified by review of the
injury-at-work item on death certificates is
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an important issue. This study was under-
taken to evaluate the representativeness
of deaths identified through death certifi-
cates alone for one vital statistics report-
ing unit (Oklahoma).

Methos
The study population consisted of all

(resident and nonresident) workers who
were fatally injuredwhileworking in Okla-
homa during calendar years 1985 and
1986. Most of the analysis is restricted to
males because injuries to femaleswere too
few to statistically analyze, although a
brief description of these deaths is in-
cluded in the results.

Work-related injury deaths were
identified from four primary data sources:
death certificates, Occupational Safety
and Health Administration (OSHA)
fatality/catastrophe reports, workers'
compensation reports, and medical exam-
iner reports. Two secondary data sources,
workers' compensation court records and
police accident reports, were used to con-
firm work relatedness when it could not be
determined from the primary data
sources. The working population was es-
timated from the Bureau of Labor Statis-
tics Geographic Profiles of Employment
and Unemployment for 1985 and 1986.36,37

An injury death was defined as an
intentional or unintentional death result-
ing from an injury that can be classified by
International Classification of Diseases
(9th revision; ICD-9) external cause of
death codes ranging from E800 to E999.38
Work relatedwas defined as including full-
time or part-time workers as well as un-
paid family members who are engaged in
work activities in a work environment

(e.g., family farms or other family busi-
nesses) at the time of their death.2,39

Death certificates on which the inju-
ry-at-work item was marked "yes" were
acquired from the State Vital Statistics Of-
fice, as well as death certificates for work-
related deaths that were identified from
other sources and were not marked "yes"
for injury at work.

Copies of the OSHA fatality/
catastrophe reports for 1985 and 1986 were
obtained from the state OSHA office.
These reports are completed by OSHA
within 48 hours of a death, the time in
which employers are required to report a
death to OSHA. Those regulated by other
federal safety and health laws, government
employers, and domestic workers are ex-
cluded from reporting requirements.

A listing for all filed workers' com-
pensation death claims for 1985 and 1986
in Oklahoma was obtained from the State
Workers' Compensation Court. These
claims do not include self-employed indi-
viduals and government and domestic
workers who are not eligible for workers'
compensation benefits.

In most states, as in Oklahoma, med-
ical examiners or coroners have jurisdic-
tion over all occupational injury deaths.40
Hand searching ofmedical examiners' rec-
ords was required to identify occupational
injury deaths in Oklahoma. Records of
deaths were then matched visually by
agreement of location of death, sex, exter-
nal cause ofdeath, date ofbirth, and name.

Demographic and external cause of
death data were abstracted from death
certificates. Results for the death certifi-
cate (DC) group were classified by "usu-
al" occupation/industry, since only usual
occupation/industry is reported on the

death certificate. This represents the job
that was worked for the longest period of
time. The comparison group, all deaths
(AD), was classified by the most current
occupation/industry information that
could be derived from any of the data
sources. When workers' compensation
and OSHA records were available, they
were used as the primary sources of cur-
rent occupation/industry information.
When these reports were not available,
the medical examiner reports and death
certificates were studied in detail to deter-
mine whether the "usual" occupation/
industry reported on the death certificate
was the same as the current occupation/
industry. The occupation/industry re-
ported on the death certificate was deter-
mined to not be current when it was not
consistent with the location and external
cause of death. For example, a death cer-
tificate may indicate an occupation/
industry of student/school, while the in-
jury description on the death certificate
and the medical examiner report indicate
that the death occurred from a fall at a
grain elevator while the victim was work-
ing. In this case, there is clear evidence
that the "usual" occupationfmdustry in-
formation does not reflect the current
occupation/industry.

Annual average rateswere calculated
by dividing the number of deaths for an
occupation or industry group by the work-
ing population (i.e., the number of people
employed in 1985 and 1986 in each occu-
pation or industry group). Rate ratioswere
used to compare the pooled data rate and
the death certificate-based rate. Rate ra-
tios were calculated for occupation and
industry for AD and DC.
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Result
Three hundred twenty-nine occupa-

tional injury deaths (299 males, 30 fe-
males) were identified during 1985 and
1986, making the annual average death
rate 11.3 per 100 000 workers (2.3 for fe-
males, 18.7 for males). Twenty-eight of
the 30 (93%) female occupational injury
deaths were identified by death certifi-
cates. Seventy percent of the female
deaths occurred in two workplace disas-
ters: an explosion in a fireworks factory
and a mass homicide at a post office.
These events were highly publicized, pos-
sibly increasing the chances of the deaths
being recorded as work related. Seventy-
three percent of the female deaths were in
the manufacturing and public administra-
tion industries. Sixty-seven percent of
female deaths were in the laborers and
helpers and administrative support occu-
pations. There were no female deaths in
the four highest risk industries of trans-
portation, communications, and public
utilities; construction; agriculture, for-
estry, and fishing; and mining. Females
were excluded from further analysis be-
cause of the small numbers of deaths and
the two clusters of female deaths.

Of the 299 male deaths, 82% (244)
were identified through medical exaniner
reports, 72% (215) through death certifi-
cates, 57% (169) through workers' com-
pensation reports, and 24% (72) through
OSHA fatality/catastrophe reports (Figure
1). Cases identified through OSHAfatality/
catastrophe reports were not included in
Figure 1 because only one additional case
was reported toOSHAand not identified in
the other three data sources.

There was 86% agreement between
usual and current industry for the two-
digit Standard Industrial Classification
(SIC) and 81% agreement between usual
and current occupationwhen 11 broad oc-
cupation categories were used.41

When characteristics of deaths were
compared for AD and DC, the distribu-
tions for age, race, and place of injury
were generally similar. The distributions
for external cause, shown in Table 2, are
similar except for a discrepancy in the
identification of traffic deaths (ICD-9
E810.0 to E819.9) between AD and DC.
Only 60% (44/73) of these deaths were
identified through death certificates (Fig-
ure 2).

The distribution of intentional inju-
ries was similar between AD and DC ex-
cept for suicides that occurred at work,
with only 14% (2/14) of suicides being
identified through death certificates. Since

suicides account for only 5% of AD, the
proportion in relation to all occupational
injury deaths did not change.

Rate ratios are used to compare in-

dustry death rates forAD and DC in Table
3. Rate ratios are 1.5 or greater for four
industries: finance, insurance, and real es-
tate; agriculture, forestry, and fishing;
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FIGURE 1-Number of cases Identified, byeach data source, malework-related deaths,
Oklahoma, 1985-1986.
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services; and mining. Fifty-one percent of
the deaths not identified through death
certificates occurred in three industries
(mining, agriculture, and services).

Occupation death rates are compared
for AD and DC in Table 4. Rate ratios

were 1.5 or greater for five occupation cat-
egories: helpers and laborers; farming oc-

cupations; executive, administrative, and
managerial occupations; technical and re-

lated support; and machine operators, as-

semblers, and inspectors. Fifty-seven per-

cent of the deaths missed by death
certificates were in the four highest risk
occupations (helpers and laborers; trans-
portation and material moving operatives;
farming occupations; and precision pro-
duction, crafts, and repairers).

In Figure 3 the distributions for death
rates by industry based on the pooled data
are compared with the death rates based
on death certificates only. The distribu-
tions have the same shape; however, the
pooled data show higher death rates per
100 000 workers and substantially higher
rates for mining and agriculture.

Discussion
Death certificates are shown in this

research to identify 72% of the fatal occu-
pational injuries occurring to males and
93% for females in Oklahoma during 1985
and 1986. Previous studies show that
death certificates alone underestimate the
magnitude of the occupational injury
problem in the United States by 24% to
33%*230 Although the results of this study
(underestimation by 28% for males) can-
not be directly generalized to the United
States, they agree with results ofprevious
studies in Colorado,30 Maryland,2 and
Wisconsin29 on the basis ofcase ascertain-
ment using death certificates.

Certain external causes of injuries
(traffic deaths) and certain industries (min-
ing, agriculture, and services) and occu-
pations (laborers and helpers; farmers;
transportation and material moving oper-
atives; and precision production, crafts,
and repairers) were less often identified
through the injury-at-work item on the
death certificate than others and point to
areaswhere estimates ofdeath rates based
on death certificates should be interpreted
with caution.

Death certificates have been shown
to accurately identify broad categories of
occupation and industry that are at highest
risk of occupational injury death when
NIOSH's death certificate database was
compared with the Bureau of Labor Sta-
tistics annual survey.19 While this broad
agreement is useful to draw attention to
the problem and to estimate its overall
magnitude, more targeted surveillance for
specific external causes or occupation/
industry groups is necessary to plan and
implement intervention strategies. This
targeted surveillance may not be possible
through death certificates.

The use of death certificate data for
surveillance of occupational injury deaths
hinges on the assumption that usual occu-
pation and industry, as reported on the

1616 American Journal of Public HealthD

FIGURE 2-Number of cases Identfled, by ea dat source, trafc deaths, male
work-elatd deaths, Oklahoma, 1985-1986.
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death certificate, serves as an acceptable
proxy for the occupation/industry the per-
son was engaged in at the time of death
(current occupation and industry). This
assumption appears to be valid for analy-
sis of broad categories of industry and oc-
cupation. However, lack of current occu-
pation and industry information is a
serious limitation to any study based on
death certificate data alone and intended
to target interventions in a defined popu-
lation (e.g., a county or state), since the
occupational and industry groups at high-
est risk are the least likely to be identified
through death certificates.

Occupation/industry is a crude
method to measure the exposure ofwork-
ers to harmful energy exchanges at work;
therefore, accurate information on the
current occupation/industry of the dece-
dent at the time of death is critical to plan-
ning and implementation of prevention
programs. Two recent studies show that
the agreement for usual industry and cur-
rent industry ranges from 68% to 72% and
the agreement for usual occupation and
current occupation ranges from 70% to
78% for the identified occupational injury
deaths.30,42 Goodman22 found that 59% of
people killed on farms in Georgia during
1971 to 1981 did not have the occupation
of farmer noted on their death certificate.
Furthermore, a group of potentially high-
risk workers-students-are often not
classified by the industry or occupation
they were working in at the time of death.
National death certificate data from 1980
to 1985 reveal that 16% of the deaths of
persons under the age of 21 were noted
with industry as student on the death cer-
tificate. The proper classification of this
group of workers by the occupation they
were engaged in at the time of fatal injury
is important to the surveillance and pre-
vention ofinjury deaths toyoungworkers.

National surveillance ofoccupational
injury deaths is needed to provide national
estimates of fatal occupational injuries by
occupation, industry, and external cause
of death. These estimates can help prior-
itize research programs and target specific
occupations, industries, and causes of
death for intervention programs. Because
death certificates are the only source of
data that potentially includes all workers,
every effort should be made to improve
identification of occupational injury
deaths on death certificates and improve
the quality of the occupation and industry
data, in addition to developing systems to
link data sources for national surveillance.
The findings of this study support the ob
servation that no single data source con-
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FIGURE 3-Annual average death rates by
horna, 1985-1986.

tains all of the data elements needed to
describe occupational injury deaths and
plan prevention strategies.2,43

Measures to improve representative-
ness as well as ascertainment of occupa-
tional deaths through the use of death cer-

tificates include the following:
1. A clear definition of when a per-

son is considered "at work" is needed for
recordingwork-related injuries that can be

2(0 30 4(
Rates per 100,000

60

Industry, male work-related deats, Okia-

used in workers' compensation reports
and by coroners, medical examiners, and
researchers. There is also a need for a def-
inition of a work-related injury. For ex-

ample, a woman who is killed by her hus-
band while she is working suffered an

"injury at work"; however, many death
certifiers maybe reluctant to call the death
work related.

2. Certain classes of ICD-9 external
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cause of death codes that are usually oc-
cupational (e.g., ICD-9 E919) should be
identified, and state vital statistics offices
should be asked to query death certifiers to
confirm work relatedness when the injury
at work item is marked "no" or is blank.

3. Current industry and occupation,
in addition to "usual" occupation and in-
dustry, should be included on theUS stan-
dard death certificate.

4. Responsibility for identifying and
automating death certificates for injury-at-
work deaths should be transferred to
NCHS, so there will be uniform record-
ing, quality control procedures, and
timely dissemination of data.

5. Death certificates should be linked
with medical examiner/coroner records in
states that have a centralized and auto-
mated medical examiner/coroner system
to make toxicology screening data avail-
able as well as detailed information on the
nature and severity of injuries.

6. Death certificates shouldbe linked
with workers' compensation first reports
of injury to improve case ascertainment,
especially of occupational motor vehicle
injury deaths. [1
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