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he NIOSH Life Table Analysis Sys-
tem for Personal Computers (PC
LTAS) uses the World Health Orga-
nization (WHO) International Classi-
fication of Diseases (ICD) code for
the cause of death. The ICD codes
are used by the National Center for
Health Statistics (NCHS) to code an-
nually all U.S. population deaths for
compilation and publication of na-
tional and state mortality rates. Ap-
proximately each decade, the ICD codes
have been revised to incorporate changes
in the classification of diseases. When
developed in 1970, the NIOSH Life
Table program (LTAS) contained
codes for three ICD revisions—the
fifth (ICD-5),' sixth (ICD-6),> and
seventh (ICD-7)>—and could ana-
lyze cohort data for the period 1940—
1979.* LTAS has since incorporated
changes in two more revisions—the
eighth (ICD-8)° and ninth (ICD-
9)°>—and a version was developed
for the personal computer (PC
LTAS).” With the addition of the
tenth revision (ICD-10),* PC LTAS
now contains codes for cause of death
for six revisions of the ICD, imple-
mented in 1939, 1949, 1958, 1968,
1979, 1999, respectively. Each revi-
sion has its own rules for coding and
selecting the underlying cause of
death. PC LTAS ensures comparabil-
ity of observed study deaths with the
national mortality rates by coding
cause of death by the rules of the
revision in effect at the time of death.

Recently, mortality rate files for
the NIOSH PC LTAS have been
updated to reflect changes effective
January 1, 1999, brought about by
the tenth revision of the International
Classification of Diseases (ICD-10).®
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U.S. reference death rates were up-
dated with the addition of deaths for
1999 through 2003, available from
the National Center for Health Sta-
tistics, and with U.S. census popula-
tion estimates through 2004.° The
purpose of this article is to summa-
rize for users of PC LTAS the
method for updating the mortality
rates and to describe the resulting
changes to the cause of death cate-
gories and death rates. Updated
NIOSH rate files and the current PC
LTAS are available on the internet
on the NIOSH homepage'® or on
request.

Background

NIOSH Life Table Analysis
System for Personal Computers

The original NIOSH Life Table
Analysis System was developed to
analyze occupational cohort studies.”
As the need for comprehensive anal-
ysis of occupational epidemiologic
data grew, additional capabilities
were added.”'" The PC LTAS cur-
rently is used by researchers to ana-
lyze occupational cohort morbidity
and mortality data and to calculate
person-years at risk used in rates that
are adjusted indirectly or directly. PC
LTAS uses mortality rates to calcu-
late indirectly adjusted standardized
mortality ratios by comparing the
observed number of deaths in the
study population with the expected
number of deaths based on rates in
the general U.S. population. The per-
son-years at risk and comparison
rates are stratified by potentially con-
founding variables (age, race, sex,
calendar time, and exposure and la-
tency periods). Mortality rates are
standardized using covariates avail-
able within the general population
(generally, age, race, sex, and calen-
dar time). Reference rate files for the
U.S. population, states or counties,
may be used to make external com-
parisons, or the rate file structure
may be used to conduct within-
cohort comparisons across duration
or cumulative exposure categories
using directly standardized rate ra-

tios. Users can create special rate cat-
egories or can substitute their own
standard rates and categories. Detailed
descriptions and system requirements
are available online.'®

Tenth Revision International
Classification of Diseases Codes
and NIOSH Life Table Analysis
System for Personal Computers

The NIOSH mortality rate files are
organized using ICD codes with
causes of death grouped consistently
across the time period. Since the
adoption by the National Center for
Health Statistics (NCHS) of the fifth
Revision in 1940,' there have been
five subsequent revisions of the ICD
(in 1949, 1958, 1968, 1979, and 1999).
Each revision has its own coding and
selection rules for the underlying cause
of death.”?”® Like the U.S. cause of
death statistics, cohort death rates are
based on the underlying cause of death,
although multiple cause of death analysis
can also be conducted. The underlying
cause of death is defined as the disease
or injury that initiated the sequence of
events leading directly to death. It is
selected from the conditions entered in
the cause of death section on the death
certificate by the certifying physician,
coroner, or medical examiner based on
the sequence of events and coding rules’
specified by the International Classifica-
tion of Diseases. Since the implementa-
tion of the tenth revision of the ICD in
the United States in 1999, all U.S. deaths
have been coded by nosologists accord-
ing to tenth revision rules.®

Due to changes in medical nomen-
clature and knowledge, the tenth re-
vision uses twice as many nosologic
codes for causes of death as does
ICD-9. Additionally, the tenth revi-
sion is a structural break with past
revisions because it has alphanumeric
rather than numeric categories. The in-
tent of the World Health Organiza-
tion in making these changes was to
stay abreast with advances in medi-
cal science and ensure the interna-
tional comparability of health statis-
tics. According to the WHO, the
underlying cause, using ICD codes,
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is that occurring at the earliest point
in the causal chain of morbid events
when a public health action might
have prevented the disease. Reduc-
tions in the age-standardized death
rates are often used as a measure of
progress against disease.'”

Materials and Methods

Incorporation of Tenth
Revision Codes by the NIOSH
Working Group

The NIOSH working group incor-
porated tenth revision codes into the
PC LTAS for the time period 1940—
2004 after review for compatibility
with NIOSH death categories that
are based on revisions 5 through 9.
Using the ASCII version of the
ICD-9 to ICD-10 translator,” the
NIOSH working group compared all
equivalent disease codes for the
translation of ICD-9 codes with
ICD-10 and vice versa for 12,421
causes of death. Then, all possible
equivalent codes were reviewed for
their appropriateness and use consis-
tent with the preexisting NIOSH
cause of death categories. If a ninth
revision code split into more than
one code in the tenth revision, deci-
sions were based on the number of
population deaths.

New NIOSH Cause of Death
Categories

New causes of death or tenth revi-
sion codes with no equivalency in
the ninth revision were identified and
assigned to a NIOSH cause of death
category. These included mesotheli-
oma, cancer of the pleura, chronic
obstructive pulmonary disease (COPD),
terrorism, and 20 new NIOSH unin-
tentional injury cause of death cate-
gories.

Revised Cause of Death
Categories

Other categories were revised to
accommodate trends in medical no-
menclature and diagnosis, including
non-Hodgkin lymphoma, multiple
myeloma, leukemia, cancer of the
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liver, lymphosarcoma/reticulosar-
coma, pneumonia, chronic bronchi-
tis, emphysema, asthma, Alzheimer
disease, and others. For all changed
or new NIOSH death categories, the
fifth, sixth, seventh, eighth, and ninth
revisions were reviewed and corre-
sponding codes were moved into the
appropriate categories. This ensured
that deaths were grouped correctly and
consistently over the time interval.

[nvalid Codes

It should be noted that some codes
in ICD-10 and earlier revisions have
been deemed invalid by NCHS. In-
valid codes are unsuitable for use as
underlying or multiple cause codes
(eg, FOO: dementia in Alzheimer dis-
ease). Nosologists trained by NCHS
do not use invalid codes to code the
certificate’s causes of death.'* Al-
though a high proportion of invalid
codes were deleted from the PC
LTAS rate files’ descriptive tables
(Tables 1 and 3)*, a few codes may
have inadvertently remained in the
descriptive tables as part of se-
quences. However the invalid codes
are not included in the NIOSH rate
files; researchers should be vigilant
in excluding them from the study
cohort’s observed death file.

U.S. Rates and NIOSH Life
Table Analysis System for
Personal Computers

Updated major and minor NIOSH
cause of death categories were cre-
ated for two mortality rate files that
cover different time periods (Tables
2 and 3). The NIOSH-119 mortality
rate file incorporates ICD codes strat-
ified by sex, race, and 5-year calendar
time periods from 1960 through 2004
(Table 1). The NIOSH-92 mortality
rate file incorporates ICD codes strat-
ified by sex, race, and 5-year calendar
time periods from 1940 to 2004 (Table
3). Rates for individual states also

*Authors’ note: Tables 1-4 of the manuscript
may be requested from the corresponding author
or accessed at either http://www.cdc.gov/
NIOSH/LTIndex.html or at http://www.jo-
em.org.

were created for the period 1960—
2004. County rates may be requested.

Extrapolation of Rates

To provide denominator data for
current and future studies, U.S. mor-
tality rates for 2004 were extrapo-
lated. The extrapolation used the av-
eraged actual rates for the previous
4-year interval, 2000 to 2003. The
2000-2004 period populations were
obtained from the intercensal esti-
mates provided by the U.S. Census
Bureau.

Verification of Rates

Ratios of 1999 to 1998 underlying
cause of death counts were com-
pared. The exceptions, for which the
ratios differed from unity by more
than 10%, were categorized. Counts
of ICD codes within categories were
made and cells were audited. LTAS
rates were compared against U.S.
mortality rates.

Results

An overview of changes in the rate
structures is described below.

The New NIOSH-119, for Time
Period 1960-2004

The new NIOSH U.S. death rate
categories for the time period 1960—
2004 are described in Table 1*. Up-
dating the rate files with the tenth
revision resulted in increasing the
number of minor rate categories
from 99 to 119. The additional minor
categories are primarily due to the
addition of more detailed cause-
specific ICD codes for occupational
respiratory disease, cancer, and unin-
tentional injuries available in the
tenth revision. Table 1 lists all ICD
codes for each cause of death for the
four ICD revisions used during the
years 1960 through 2004. The major
changes in disease categories of
NIOSH-119 that resulted from the
impact of the tenth revision are de-
scribed subsequently.

Cancer Categories

Mesothelioma. A new category
(Minor 31 in the NIOSH-119 and
Minor 28 in NIOSH-92 rate files),

contains four-digit tenth revision
codes for mesothelioma of the
pleura, peritoneum, pericardium, or
an unspecified site. The new rate
category for mesothelioma will in-
voke death rates only from 1999
forward because previous revisions
had no codes for mesothelioma. It
should be noted because of the new
mesothelioma codes under C45.0—
C45.9 available in 1999, rates for
cancer of the pleura (Minor 17) and
peritoneum (Minor 14) are discontin-
uous for the 1995-1999 and the
2000-2004 rates for the following
reasons. Before the tenth revision of
the ICD, mesothelioma deaths were
coded to the site specified on the
death certificate. For example, some
were coded as pleural cancer (Minor
17 in the NIOSH-119 and Minor 16
in the NIOSH-92) and some as can-
cer of the peritoneum (Minor 14 in
the NIOSH-119 and Minor 13 in
NIOSH-92). When no site was spec-
ified, the code for cancer without
specification of site was used, eg,
199 in the ninth revision. When “ma-
lignant” was not specified on the death
certificate, the code for a benign or
neoplasm of unspecified nature could
have been used in the seventh revision.
Not until 1999 with the implementa-
tion of the tenth revision has it been
possible to construct a reliable and
accurate death rate for mesothelioma
using vital statistics data.

Table 2 displays the number of
deaths'> coded to mesothelioma in
1999 under the new tenth revision
code, C45, compared against the pre-
vious year, 1998. Options for coding
mesothelioma (as cancer) are com-
pared across prior revisions (fifth,
sixth, seventh, eighth, ninth). U.S.
mesothelioma deaths for 1999 are
compared against the previous year,
1998.

Table 2 shows that in 1999, there
were 2343 deaths for which the un-
derlying cause was mesothelioma and
were coded to C45; however, most
(n = 1647) were not specified by site.
There were 227 deaths from mesothe-
lioma of the pleura in 1999. Only 99
deaths were coded to cancer of the
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pleura in 1999 compared with 410 in
1998. This suggests that most pleural
mesotheliomas were coded to cancer
of the pleura in 1998 and earlier years.
The number of peritoneal cancers
dropped from 804 in 1998 to 650 in
1999. Of two recently published stud-
ies, one reported based on accumu-
lated SEER tumor registry data that
malignant mesothelioma accounted for
only 20% of peritoneal cancer in men
but 98% of pleural cancer.'® Assuming
a similar percentage (20%) among me-
sothelioma mortality data, it would not
be reasonable to consider all cancer of
the peritoneum to be mesothelioma.

It is of interest that a slight major-
ity (381 of 696 [55%]) of U.S. deaths
from mesothelioma of specified site
occurring in 1999 (on Table 2) was
of sites other than pleura, perito-
neum, or pericardium. From Table 2,
it appears that using codes for cancer
of the pleura will result in an over-
estimate of the actual number of
pleural mesotheliomas. More impor-
tantly, using codes for cancer of
pleura, peritoneum, and pericardium
will underestimate by over 200% the
total number of mesotheliomas.

A French study found mesotheli-
oma accounted for 80% of pleural
cancer in men and 50% in women."”
Based on the SEER data described
here, it might be reasonable to con-
sider cancer of the pleura to be me-
sothelioma. However, pleural cancer
is inseparable from other lung cancer
in codes of the fifth and sixth revi-
sions. The site-specific codes for me-
sothelioma newly available in the
tenth revision will allow calculation
of a more accurate death rate starting
in 1999. However, researchers are
cautioned that the tenth revision
codes will not resolve all issues that
surround mesothelioma and other
causes; it remains essential to review
the written death certificate when-
ever possible. Although the fenth
revision has improved the identifica-
tion and rates for causes such as
mesothelioma or lymphoma, caution
should be used for deaths before
1999.

Other Cancer. For consistency,
the former categories of cancer of the
biliary passages, liver, and gallblad-
der (Minor 11) and cancer of the
liver not specified (Minor 12) were
combined to form one new category.

Lymphoma and lymphosarcoma/
reticulosarcoma, handled as two mi-
nors in one of the previous versions
of PC LTAS rates, were combined in
one category, non-Hodgkin’s lym-
phoma, 35 in the new NIOSH-92 rate
file, and Minor 38 in the NIOSH-119
rate file. (Multiple myeloma was re-
tained in each file as a separate minor.)
The combined category resulted from
numerous transitions in nosologic cod-
ing and nomenclature that have oc-
curred from1950-1999. Most notably,
the proportion of all non-Hodgkin’s
lymphomas coded as lymphosarcoma
and reticulosarcoma has declined sub-
stantially over recent decades, from
43% in 1979 to 3% in 1999."° Pre-
1960 rates for many of the individ-
ual diseases contained in this cate-
gory were unavailable to NIOSH
due to limitations in source data.
However, the data available indi-
cate that most non-Hodgkin’s lym-
phoma and multiple myeloma
deaths will be properly classified in
these early years.

Some immunoproliferative dis-
eases that are now classified by the
tenth revision as cancer were reclas-
sified and put into the appropriate
NIOSH cancer categories when sep-
arate codes were available. For ex-
ample, the tenth revision defined
panmyelosis (C94.4) and myelofi-
brosis (C94.5) as malignant disease
rather than benign, and they were
accordingly placed in the leukemia
category (Minor 40 in the NIOSH-
119 and Minor 37 in the NIOSH-92).
However, corresponding ninth revi-
sion codes 238.7 and 289.8 for pan-
myelosis and myelofibrosis could
not be differentiated from other re-
lated diagnoses, and these codes re-
mained in Minor 43, other benign
and unspecified neoplasms, and Mi-
nor 47, all other diseases of blood
forming organs, in the NIOSH-119.
The codes for macroglobulinemia
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(Waldenstrom) were moved from mul-
tiple myeloma into the non-Hodgkin’s
lymphoma minor due to recent diag-
nostic changes for this disorder.'®
These codes are 275.5 in the eighth
revision, 273.3 in the ninth revision,
and C88.0 in the tenth revision.

Other Disease
Category Changes

The nonmalignant respiratory dis-
ease categories includes diseases of
occupational etiology, including as-
bestosis (Minor 68), silicosis (Minor
69), and other pneumoconiosis (Mi-
nor 70) that are specified separately
in the NIOSH-119 from other respi-
ratory disease (Minor 71). Emphy-
sema and chronic bronchitis were
combined with COPD not otherwise
specified into a new category, Minor
66 in NIOSH-119 and Minor 62 in
NIOSH-92, to align with current di-
agnostic practice (which classifies
the majority of chronic bronchitis
and emphysema as COPD). This also
accommodates coding changes within
the tenth revision; when COPD is
mentioned in conjunction with emphy-
sema, bronchitis, or asthma in the tenth
revision, a new code, J44.8, “other
specified COPD,” is invoked. The air-
flow obstruction associated with
asthma is largely reversible, unlike ab-
normalities associated with bronchitis
and emphysema, and has a primarily
immunologic etiology. Thus, asthma,
Minor 67 in NIOSH-119 and Minor 63
in NIOSH-92, remained separate mi-
nor categories in the new rate files.

Several musculoskeletal diseases,
including intervertebral disc disor-
ders, polymyalgia rheumatica, and
peripheral neuropathies, were moved
from the other cause category (now
Minor 119) into the other musculo-
skeletal disease category (Minor 80).
Although these conditions are infre-
quently the underlying cause of
death, they are responsible for sub-
stantial morbidity among the work-
ing population. Crystal arthropathies,
other than gout, were moved out of
the other or residual cause category
(Minor 119) and moved into the
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arthritis and spondylitis category
(Minor 78). As in the earlier rate
files, most infectious diseases, ex-
cept for tuberculosis and HIV-related
disease, were placed in Minor 119—
the NIOSH residual category that
contains all other causes of death.

Expansion of Injury Categories

Previously, the NIOSH rate files
had only four categories for deaths
due to unintentional injury: transpor-
tation accidents, accidental poison-
ing, accidental falls, and other acci-
dents.” For the NIOSH-119, these
categories were expanded to 27 more
specific injury categories (Minors 91—
117). The new categories identify spe-
cifics of the cause of death such as falls
from ladders, down stairs or from
buildings, and so on. Similarly, trans-
portation injuries are broken down by
subcategories, including transportation
and passenger type. The old category,
“other accidents,” was expanded into
several new causal subgroups: fire,
drowning, struck by falling object,
suffocation, explosion, electrocution,
and others. The usefulness of more
detailed categories has been shown
in an analysis of construction worker
deaths'® that identified trade-specific
injuries among operating engineers,
including falls from buildings.

Lastly, a new PC LTAS minor,
terrorism, was added: Minor 118, in
the NIOSH-119 and Minor 91 in the
NIOSH-92. This new category was
created for deaths due to terrorism, a
new class of codes created by NCHS
after the terrorism-related deaths in
New York City, Washington, DC,
and Pennsylvania.?’ These codes are
not standard WHO codes. They cur-
rently reflect 2922 deaths occurring
in 2001 related to the terrorist inci-
dents of September 11, 2001.

The New NIOSH-92, for Time
Period 1940-2004

The NIOSH-92 death categories
are shown in Table 3. The purpose of
the NIOSH-92 rate file is to analyze
risk in study cohorts with follow up
beginning in the 1940s or 1950s. It
incorporates death rates from six re-

visions of the ICD. The NIOSH-92
was updated similarly to the NIOSH-
119 wherever possible. Due to limi-
tations (less specificity) of death
codes before 1960, there were fewer
changes as a result of the transition,
ie, more specific ICD codes do not
exist for the earlier revisions. Addi-
tionally, some of the changes made
to minors for the NIOSH-119 could
not be implemented in the NIOSH-92
because specific codes added for the
tenth revision could not be differenti-
ated from the broader codes of the fifth
and sixth revisions due to limitations in
the source codes. However, all possi-
ble changes were made to make previ-
ous revisions compatible with the
changes of the tenth revision.

Verification of the
Revised Rates

To evaluate the impact of the new
classification system on death counts
for the PC LTAS disease categories,
all U.S. deaths occurring in 1999
(ICD-10), 1998, and 1997 (ICD-9)
were coded to NIOSH-119 catego-
ries and summarized by gender, race,
and 5-year age groups (beginning at
age 15-19 and ending at age 85 and
above). In general, ratios of 1999 to
1998 underlying cause of death
counts were similar to those for 1998
to 1997 (before the change to ICD-
10). Exceptions, for which the ratio
of 1999 to 1998 deaths differed from
unity by more than 10%, fell into
three groups (Table 4): 1) those
caused by regrouping of the PC
LTAS classifications (eg, creation of
new mesothelioma category reduc-
ing the number of pleural cancers);
2) coding rule changes in ICD-10
that would be expected to lead to
increases in some categories (eg,
Alzheimer disease) and decreases in
others (eg, pneumonia), which have
been evaluated in bridge-coded com-
parability studies between ICD-10
and -9'; and 3) other sources of
nonrandom and random variability.
Some of the other differences in-
clude motor vehicle traffic category
ratios (Minors 92-96, NIOSH-119),

which fluctuate because of changes
in how unspecified occupants of ve-
hicles are classified in the tenth revi-
sion. Similarly, changes in coding of
unclassified fractures may account
for some of the decrease in unspeci-
fied falls, Minor 102, NIOSH-119
(Table 4).

As an additional verification, lists
of ICD counts were made for the
ICD codes within each NIOSH-119
category. Checks of sums by gender,
race, and age group assured that all
ICD codes were counted. A small
subset of the cells was audited to
count each contributing ICD code.
Some cells were chosen by the high-
est and lowest ratio of the counts,
and others were selected at random.
PC LTAS rates were compared against
U.S. mortality rates on CDC Wonder'>
using NIOSH cohort mortality study
data. Ideally, the PC LTAS rates gen-
erated should be compared for accu-
racy against rates developed by another
institution; however, none are presently
available.

Summary

The new national and state rate
files for use with PC LTAS that
incorporate tenth revision ICD codes
stratified by age, gender, race, and
calendar time for 1960 through 2004,
and national rate files for 1940
through 2004, are available at: http://
www.cdc.gov/NIOSH/LTIndex.html
or on request. For the NIOSH-119
rates for the period 1960-2004, the
number of cause of death categories
was increased primarily to allow for
more detailed categories of occupational
respiratory disease, cancer (including
mesothelioma), and unintentional inju-
ries and to accommodate changes in
tenth revision nosologic coding.
NIOSH-92 rate files were created for
the earlier time period, 1940-2004,
to analyze risk in study cohorts with
follow up that begin in the 1940s and
1950s. State rates for the United
States using the new categories were
created for 1960 through 2004.
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