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Years of Potential Life Lost Due to Occupational
Fatal Injury in the United States

Stephen J. Gilbert,%* A. John Bailer,}2*** and Leslie T. Staynert*
INational Institute for Occupational Safety and Health, Cincinnati, Ohio
45226; 2Miami University, Oxford, Ohio 45056

ABSTRACT

Fatal injury surveillance data coupled with life expectancy data may be used
to assess the impact of occupational fatal injuries on years of potential life lost
(YPLL).

We compare three definitions of YPLL and trends over time in YPLL. Two
definitions determine YPLL as expected life lost to fixed life expectancies of
65 or 85 years. The third definition uses actuarial adjustments of life expect-
ancy given survival to a given age stratified by gender and race. Fatalities from
the National Traumatic Occupational Fatality (NTOF) database are used to
illustrate the three definitions of YPLL.

The three YPLL measures were similar in magnitude and direction of the
trend in YPLL over 1980-1992. Proper interpretation of these trends can only
be made in conjunction with other measures (e.g., rates). Almost all YPLL
trends are declining, implying that over time fatal injuries are shifting to older
workers. The exception is the increasing trend in YPLL for the retail trade
industry, injury rates have also been increasing over time for this industry.
Mining and construction have the highest YPLL among all industries. This
analysis suggests efforts to prevent the occupational fatalities of younger work-
ers should focus on the retail trade, mining, and construction industries.

Key Words: multiple regression, linear interpolation, actuarial adjustments

INTRODUCTION

William Haenszel (1950) suggested that chronic diseases associated with
old age received a tremendous focus as perhaps the “most important public
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health problem of the day.” However, he quickly noted that “there is plenty of
room for effecting savings of potential years of life at younger ages, particularly
from deaths due to accidents.” It is with this observation in mind that we reflect
on the analysis of years of potential life lost (YPLL).

The basic information for many occupational safety studies comes from
injury surveillance data. The number of injuries and the corresponding num-
ber of workers employed are recorded for several levels of one or more
predictor variables such as industry or occupation. Most studies of injuries are
based on rates or counts of injury occurrence (see, e.g., Stout et al., 1996; Bailer
et al., 1998) or a measure trying to quantify the impact from each injury. While
rates are an important outcome, they ignore an important aspect of occupa-
tional fatal injuries. Younger workers are often the victims of fatal injuries,
resulting in greater YPLL than for most other causes of death (e.g., cancer).

In this paper we present results from analyses using three different defini-
tions of YPLL to determine which industries and occupations may need
attention because of high YPLL or changes over time in YPLL. This paper also
attempts to evaluate the impact of using different definitions of YPLL on the
analyses. The first two definitions use fixed life expectancies of 65 and 85 years
to determine YPLL. For these two definitions, the age at death for each person
is subtracted from the fixed life expectancy to get YPLL. If the person dies at
an age older than 65, the YPLL for the definition using the fixed life length
of 65 years is set to zero years. Similarly, if the person dies past age 85, a YPLL
of zero years is used for the definition using a life expectancy of 85 years. Fixed
life expectancies of 65 and 85 years have been used by the U.S. Centers for
Disease Control and Prevention (1997) for their computations of YPLL. A
fixed life length for YPLL calculations has appeal in that a loss of life at a
particular age is viewed as having equal impact regardless of any other char-
acteristics of an individual. This fails to take into account the clear pattern of
differences in expected life length between women and men and across
different racial/ethnic groups. The third YPLL definition uses actuarial adjust-
ments on life expectancy to determine YPLL to address this concern. Adjust-
ments for age at death, gender, and race from Hahn and Eberhardt (1995) are
used. We apply these three definitions to explore the average YPLL across
different worker and workplace characteristics and trends over the years 1980
to 1992 in YPLL due to occupational fatal injuries.

METHODS
Data

The occupational fatal injury data considered in this analysis comes from
the National Institute for Occupational Safety and Health’s (NIOSH) National
Traumatic Occupational Fatal (NTOF) injury data set. The NTOF database is
a death certificate-based registry of occupational fatal injuries in the U.S.
containing information about each fatality on age, gender, race, industry, and
occupation within industry. A more detailed description of these variables and
their codes can be found in NIOSH (1993).
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Years of Potential Life Lost Calculations

The calculation of YPLL using a fixed life expectancy is straightforward and
is computed as the life expectancy minus the age at death. We will compare
fixed life expectancies of 65 and 85 years. Constructing YPLL from fixed time
points like age 65 is useful because it can be used for comparisons with other
countries that have different life expectancies or where actuarially adjusted life
expectancy is not available. Age 85 is useful to see how using a longer fixed life
expectancy affects YPLL or trends in YPLL over time. For example, suppose a
worker dies at age 27 and their life expectancy is 65 years. Their YPLL would
be 65— 27 = 38 years. As an aside, using a fixed life expectancy of 65 years might
be better described as years of working life lost. Similarly, if their life expect-
ancy is 85 years then their YPLL would be 85 — 27 = 58 years. The age at death
is greater than 65 years for some workers and others die at an age greater than
85 years: for these workers the YPLL is set to zero when they die at an age
greater than the life expectancy being used. For example, if a worker dies at
the age of 72 due to an occupational fatality and life expectancy is assumed to
be 65 years then their YPLL would be zero years; however if we assume a life
expectancy of 85 that same person would have a YPLL of 85 — 72 = 13 years.
For workers who die after age 85, their YPLL is zero years for both fixed life
expectancies.

YPLL can be calculated using actuarial adjustments for survival until time
of death, gender, and race. We calculate the YPLL based upon the life expect-
ancy data given in the “Adjusted for undercount and misclassification” section of
Table 2 in Hahn and Eberhardt (1995) which is reproduced, in part, in
Table 1. This table indicates that women have higher predicted years of life
remaining than men across almost all races and attained ages. Table 1 also
shows that Asians generally live longer than blacks, Native Americans, and
whites. The prediction of YPLL for an individual dying at an age in between

Table 1. Predicted years of life remaining for different gender/racial
groups.?

Native Asian/Pacific

Black American Islander White

Age
(years) Male Female Male Female Male Female Male Female

1 655 735 713 787 815 8.3 725 789
25 431 501 494 557 587 620 495 555
45 267 319 325 372 397 425 312 363
65 13.7 17.7 172 208 226 245 154 19.1

=285 6.4 7.5 6.8 8.3 114  10.0 6.0 6.9

2 Extracted from Table 2 in Hahn and Eberhardt (1995).
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category endpoints in Table 1 is determined by linear interpolation. The
predicted YPLL for an individual dying at age x (<85 years), which is in an
interval bracketed by age categories in Table 1, say (t, ;,t,), is

OYPLL - YPLL_ O

YPLL=YPLL, +(x~t, ) ° Pl
t -t

D p p-1 D

While the predicted YPLL for an individual dying at age x (=85 years) is
calculated as

YPLL = YPLL g +(x~ SS)EYPLLSS - PLL

65

0
85-65 O

As an example, suppose an Asian female worker dies at age 50. Using the
data from Table 1, her calculated YPLL is

[P4.5-42.50_ 425 +5D‘18§: 425-45=38.0

42.5+(50 - 45) ot a5 O° 2

Statistical Analyses

Multiple regression models (Neter, Wasserman, and Kutner, 1990) are used
to examine the relationship between YPLL and calendar year and worker/
workplace characteristics. Gender and race worker characteristics, and occu-
pation and industry workplace characteristics were considered in the analysis.
As an example, the multiple regression model in which all predictor variables
enter the model additively can be written as:

YPLL, =B, + B, year; +[3,year; + le(femalei)
+ le(blacki) + B4I(Native Americani) + BSI(Asiani)

(Model 1)
+ Z ajl(industryi = j)+ Z (pkl(occupationi = k)+si

]

where “i” is the index associated with a particular individuals fatal injury; “j” is
the index for the different industries; “k” is the index for the different occu-
pations; the B’s, a’s, and @'s are regression coefficients associated with the
various predictor variables; and ¢; is assumed to be an independent normally
distributed quantity. The predictor variable year is continuous and enters the
model as one variable. We chose to model the year of death as a continuous
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predictor because decreases in mean YPLL over the years 1980 to 1992 are
essentially constant from year to year regardless of the definition of YPLL used
(see Table 2). For example, if 3, < 0, this implies that predicted mean YPLL is
decreasing with calendar time suggesting that fatal injuries tend to be shifting
towards older workers. The categorical predictor variables (race, gender,
industry, and occupation) enter the model as a series of indicator variables. In
particular, if the categorical predictor variable has n levels, then that predictor
requires n-1 indicator variables in the model (see Neter, Wasserman, and
Kutner 1990). For example, the indicator variable I(female;) = 1 if the it
worker is female and I(female;) = 0 if the i worker is male. The reference
groups for gender, race, industry, and occupation are male, white, agriculture-
forestry-fishing, and executive-administration-manager respectfully. We will
also look at trends in YPLL over the years 1980 to 1992 for each level of gender,
race, industry, and occupation using the three different definitions of YPLL
discussed in the Introduction and Methods sections.

RESULTS

The YPLL methods and statistical models described in the Methods section
are illustrated with data from the NTOF database. A total of 67,218 traumatic
occupational fatalities were used in this analysis. Traumatic occupational fatali-
ties occurring after age 65 total 4529 with 128 of those occurring after age 85.

Table 2 illustrates the mean age at death and the mean YPLL for each
definition at different levels of calendar year, gender, race, industry, and
occupation. There is a very slight decrease in mean YPLL over time for each
of the three definitions. The mean YPLL for females is higher than males,
regardless of how YPLL is defined. While either fixed life length YPLL defini-
tion suggests women experience approximately 1.8 years less life than men
due to fatal injuries, the actuarially adjusted YPLL suggests a more dramatic
effect of almost 7 fewer years. This difference between definitions illustrates
how discrepancies can occur between actuarially adjusting the life expectancy
for survival to some age, gender, and race versus using a fixed life expectancy.
The pattern for the actuarially adjusted mean YPLL within race is similar to the
life expectancies seen in Table 1. The mean YPLL for Asians is largest, the
mean YPLL for Native Americans is second largest, the mean YPLL for whites
is second smallest, and the mean YPLL for blacks is the smallest. In the fixed
life expectancy definitions of YPLL, the highest YPLL is among Native Ameri-
cans which indicates Native Americans are dying from occupational accidents
at relatively younger ages than blacks, whites, and Asians. The mean YPLL is
highest for the mining industry and second highest for the construction
industry. The mean YPLL for the construction industry is about three years less
than that of mining. Implicit in such a statement is that relatively younger
workers tend to be dying in mining as compared to construction. The lowest
YPLL among the remaining industries were for agriculture/forestry/fishing
and financial/insurance/real estate. The highest mean YPLL among all occu-
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pations occurs in handlers/helpers/laborers and technical/related support
regardless of the YPLL definition used.

Table 3 shows the parameter estimates and p-values for the trend in YPLL
between 1980 and 1992 for different levels of factors with no adjustments for
the other factors. In essence, a trend in YPLL indicates some change in the
pattern in the age characteristics of workers dying in occupational fatal inju-
ries. A decreasing trend suggests a shift in the average age at death towards
older workers while an increasing trend suggests a shift toward younger work-
ers dying in occupational accidents over the years 1980 to 1992. For example,
the model

YPLL, =3, +B,year, +¢, (Model 2)

is fit separately to males and females in order to assess differences in trends
between men and women. Table 3 summarizes the parameter estimates of 3,
along with their p-values for different definitions of YPLL. Model 2 was also fit
separately to each category of race, industry, and occupation to evaluate the
trend differences in YPLL for different levels of those predictors. The mean
YPLL for both men and women declined significantly regardless of YPLL
definition with males decreasing slightly faster than females. In other words,
deaths among males are shifting towards older workers faster than fatalities
among women dying in occupational fatal injuries. The mean YPLL for whites
and blacks have significantly decreasing trends with the trend for whites
decreasing at twice the rate of blacks. There are significant declines in the
trend of mean YPLL between 1980 and 1992 for mining, construction, manu-
facturing, transportation/public utilities, wholesale trade, services, and public
administration industries. However, the trend in mean YPLL for the retail
trade industry has increased significantly. A corresponding increase in the
trend in rates of occupational fatalities was also seen for retail trade (Bailer et
al., 1998). Thus, not only are fatalities in retail trade occurring in relatively
younger workers, the overall rate of such events occurring is increasing. This
may be due to an influx of a large number of inexperienced young workers in
the retail trade industry. Significant decreasing trends in mean YPLL are seen
for the occupations of professional specialty, technical/related support, pre-
cision production/craft/repair, machine operator/assembler/inspection, trans-
portation/material moving, and handlers/helpers/laborers with the highest
reduction appearing in technical/related support. The definition of YPLL has
a negligible effect on the direction (positive or negative) or magnitude (abso-
lute value) of trends in YPLL.

Table 4 shows parameter estimates and p-values for the trend in YPLL
between 1980 and 1992 for different levels of factors with adjustments for all
other factors. A model similar to Model 2 was used with the modification that
all other factors were also included in the model. For example, a model with
an intercept, calendar year, race, industry, and occupation was fit separately to
males and females. Similar models were fit separately to the different levels of
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race, industry, and occupation. The results are similar to what was seen in
Table 3 when no adjustments for other factors were made. The trend in YPLL
from 1980 to 1992 for males and females has been decreasing with the YPLL
for males decreasing slightly faster. The trend is significant for males in all
definitions but is borderline significant for females depending on which YPLL
definition is used. All races show a decreasing trend in mean YPLL with whites
decreasing almost twice as fast as blacks. However, the trends in YPLL for
Native Americans and Asians are not significant for any definition of YPLL
suggesting that the age of workers dying in these groups has been stable over
the years 1980 to 1992. The trends in YPLL for the mining, construction,
manufacturing, transportation/public utilities, wholesale trade, services, and
public administration industries are significantly declining regardless of defi-
nition. Trends in mean YPLL for the agriculture/forestry/fishing and fi-
nance/insurance/real estate industries are decreasing, but the trends are not
significant.

DISCUSSION

YPLL is a useful measure of the impact of traumatic occupational fatalities.
It measures mortality with large values suggesting the death of younger work-
ers. Many other endpoints such as healthy life-years (Hyder AA, Rotllant G,
and Morrow RH 1998), disability adjusted life-years (Murray CJL 1994), or
simple mortality rates can also provide a measure of the magnitude of each
fatal injury. We recognize that YPLL may lack information that occurs in other
measures that try to measure the impact of traumatic occupational fatalities.
These alternative measures may be better than YPLL at assessing some char-
acteristics of unintentional fatal injuries at work. One advantage of using
YPLL, especially the fixed life expectancy definition, is ease of computation.
A disadvantage of YPLL is that it lacks information on both the size of the
workforce and the rate of fatal injury within each unique category of possible
predictors such as gender, race, industry, and occupation. An ideal measure
would integrate the size of the workforce, the rate of fatal injury, and some
measure indicating the impact of each fatality.

The NTOF database from NIOSH is an ideal data source because we are
interested in modeling individual occupational fatalities. Another potential
source of data is the Census of Fatal Occupational Injuries (CFOI), a Federal-
State cooperative program sponsored by the Bureau of Labor Statistics (1997).
The CFOI contains more deaths each year than the NTOF database because
it draws data from several sources, however, it wasn’t implemented in all 50
states and the District of Columbia until 1992. If we had data from the CFOI
for the years 1980 to 1992, the additional deaths probably wouldn’t affect the
results too much since we are essentially modeling the mean YPLL and the
trend of those means. The CFOI data, starting in 1992, could be used to
validate the trends in YPLL from 1980 to 1992 seen with the NTOF data.

That trends in the YPLL due to occupational fatal injuries are generally
decreasing begs a few questions about the interpretation of these findings. Are
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the mean values of YPLL decreasing because the age of the worker population
is simply increasing or is this due to a true shift in the distribution of age at the
time of death? Even if these trends do represent a true shift in the age
distribution of the deaths, should a shift in mortality from younger to older
workers be viewed as a success when our goal is clearly to protect all workers?
Proper interpretation of these trends can only be made in conjunction with
other measures of injuries such as trends in the fatality rates. The fact that both
YPLL and fatality rates are declining for almost all of these industries and
occupations (Bailer et al., 1998) does suggest that current programs are having
an effect on reducing the impact of fatal injuries in the workplace. The fact
that trends in both YPLL and fatality rates are increasing in the retail trade
industry raises concerns that further attention needs to be focused on reduc-
ing fatal injuries in this industry sector.

The highest mean YPLL occurs in the mining and construction industries
but these industries also show significant decreases in YPLL over time. Mining
has the largest decline in YPLL over time of all industries. These two industries
also have the highest fatal injury rates, which are declining over time (Bailer
etal., 1998). Although improvements have been made in reducing mean YPLL
and fatal injury rates, efforts should continue to be focused toward mining and
construction industry workers to prevent the occupational fatalities of these
workers. The mean YPLL in retail trade industry is similar to other industries
but significantly increases over time. This may be the result of the large
number of young workers in retail trade. The increasing trend in rates of
occupational deaths for retail trade (Bailer et al., 1998) supports an argument
that efforts should be centered on the retail trade industry to determine why
occupational fatalities are shifting toward younger workers at increasing inci-
dence rates.

The three different definitions of YPLL had little effect on the analysis of
trends in the mean YPLL over the years 1980 to 1992. In contrast, the alternate
definitions yield different means and we believe that the actuarially adjusted
definition of YPLL is the preferred construction for looking at the average
YPLL or the total YPLL. While using an actuarially adjusted YPLL may lessen
the harm to groups with lower life expectancies, the use of a fixed life
expectancy reduces the harm to groups with higher life expectancies. First, the
actuarially adjusted YPLL, say YPLL ,,, utilizes all of the observed fatalities. The
YPLL employing age lost to a fixed age, say YPLL, assigns all deaths in workers
who are older than the fixed calculation age a YPLL of zero. This suggests that
some loss of information or some potential bias might be introduced when
using the YPLL; in contrast to the YPLL,,. Secondly, the choice of the fixed
age for YPLL calculation is arbitrary. Finally, the actuarially adjusted YPLL is
based upon current expectations of years of life remaining. There is a prece-
dent for such calculations — obviously, stratified lifetable calculations are used
by insurance companies in setting life and health insurance rates. Even though
women generally live longer than men, we are not suggesting that an occupa-
tional fatality occurring to a 35-year-old woman is somehow more tragic than
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an occupational fatality to a 35-year-old man. Any loss of life is tragic. We are
suggesting that the definition of YPLL to reflect current population lifetables
does validly reflect the magnitude of life lost in a manner that is less arbitrary
than evaluating loss of life to a fixed age. As an aside, the YPLL,, can be
updated to reflect changes in the population lifetable when such information
is available. Thus, by using appropriate actuarial adjustments, we believe that
we are more accurately reflecting the true potential years of life lost.
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