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major objective of occupational epi-
demiology is to identify the health
consequences of workplace expo-
sures so that remedial efforts can be
implemented when indicated. Other
objectives are to provide data useful
for setting standards for protection of
workers exposed to toxic substances,
to make projections of risk to mem-
bers of less-exposed populations, and
to elucidate mechanisms of toxicity
and exposure-response relationships.
Three of the most commaon epidemi-
ological study designs used to meet
these objectives are the historical
cohort, proportional mortality, and
case-control designs.' Each design
requires investigators to enumerate a
study population and to collect indi-
vidual-level data on demographic
factors (eg, age, race, sex), cmploy-
ment and exposure history, health or
vital status, and factors that can po-
tentially confound exposure-re-
sponse relationships (eg, cigarette
smoking or dietary history). A com-
prehensive descriptive and analytical
evaluation of such data involves the
calculation of many time-dependent
measures.”

The Occupational Cohort Mortal-
ity Analysis Program (OCMAP),>?
developed at the University of Pitts-
burgh, is a widely distributed modu-
larized computer program that per-
forms many basic data management
and statistical analysis procedures
for these three epidemiological study
designs. While OCMAP is designed
primarily for occupational mortality
studies, applications generalize ecas-
ily to studies of other health end-
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points, such as cancer incidence, and
to studies in non-occupational set-
tings.” The current OCMAP program
is now in use by over 300 institutions
in the United States and abroad. Re-
leases of OCMAP have been refer-
enced in over 150 peer-reviewed
journals, based on a review of the
Scientific Citations Index database.”
Other similar programs for the
analysis of occupational study data
are available.'” ™' None of these cur-
rently available programs, however,
enables a comprehensive, flexible,
and efficient analysis of disease out-
come or cffect measures in relation
to multiple, diverse measures of em-
ployment history and/or exposure. In
addition, none provides a direct in-
terface with other programs com-
monly used for more extensive re-
gression modeling of cohort data.
To overcome these and other lim-
itations in the OCMAP (Versions
1.0-2.1) programs, and to meet the
specific analytic requirements of an
ongoing cohort mortality study of
man-made vitreous fiber (MMVF)
workers, we redesigned and ex-
tended the OCMAP microcomputer
software. In this article, we describe
the general structure and analytical
capabilities of the new OCMAP-
PLUS program and provide exam-
ples of its use in the MMVF cohort
study and in a recent study of form-
aldehyde-exposed workers.

Major Enhancements to
OCMAP Implemented in
OCMAP-PLUS

First, we describe the major en-
hancements implemented in OC-
MAP-PLUS in relation to existing
features in OCMAP and OC-
MAP/PC (referred to as “‘prior re-
leases” of the program}.

Improved Operational Efficiency

The original OCMAP® © was de-
veloped for mainframe environments
where memory is abundant but disk
storage can be limited. OCMAP/PC’
was later developed for persoral
computer (PC)—based (MS-DOS;

Microsoft Corp, Redmond, WA) ap-
phcations. However, because OC-
MAP/PC is basically OCMARP recast
in Microsoft FORTRAN, it did not
perform optimally in the PC environ-
ment when random-access (RAM)
memory was limited. To operate op-
timally within a current PC-based
environment, where large disk stor-
age is now affordable and readily
available, OCMAP-PLUS minimizes
memory requirements but utilizes
extensive disk input and output (I/O).

Distribution of OCMAP-PLUS as
executable code, rather than source
code, eliminates the previously re-
quired text-editing, compiling, and
linking of the source code. A FOR-
TRAN compiler is no longer re-
quired.

More Centralized Processing
Structure

Prior releases of OCMAP con-
tained up to five program modules
(referred to as “Mod”): Mod
|—Standardized Mortality Ratio
Analysis, Mod 2—Proportional Mor-
tality Ratio Analysis, Mod 4 —Effec-
tive Exposure Modeling,® Mod
5—Internally Standardized Relative
Risk Analysis, and Mod 6—Directly
Standardized Measures.® Each of
these is a “stand alone” program that
performs each of the tasks necessary
to input data, perform analysis, and
output report tables. These tasks are:

Task 1—Create and process the user
control file.

Task 2—Interface with the standard
mortality files and construct ap-
propriate cause of death groupings

Task 3—Access the cohort file, se-
lect cases and/or jobs within cases,
perform status tests and data re-
codes, analyze and summarize
data.

Task 4 —For selected cases, accumu-
late and aggregate data.

Task 5—Prepare and output tables
for reports.

Prior releases also contain a cohort
data editing module (Mod 3) that is
run before the other program mod-
ules. Prior releases did not contain

any general-purpose data export ca-
pability.

In OCMAP-PLUS, data and pro-
grams related to setup, execution,
and output are organized more cen-
trally into five sequential phases (in-
puts, pre-processing, processing,
post-processing, and reports/data ex-
port). This more efficiently struc-
tured data processing platform elim-
inates much of the processing
redundancy in the earlier releases.
Unlike prior releases, specialized
programs in OCMAP-PLUS now
handle Tasks 2 through 5 and the
additional task of data export (Task
6 —create analysis files for use with
other software).

The programs in OCMAP-PLUS
are classified into three groups: pro-
cessing, reporting, and utility. These
three groups of programs handle all
five phases of an OCMAP-PLUS
analysis. Figure | illustrates the se-
quential processing structure of OC-
MAP-PLUS and associated pro-
grams and relates these to Tasks 1-5
of prior releases of OCMAP:

Inputs. The study data (cohort data
file and standard death rate files) are
assembled and the program control
files are created in this phase. The
creation of program control files is
facilitated by a utility program,
MAKE-PLUS. This utility can be
used to create new control files, edit
earlier control files, and check for
errors in the control files. MAKE-
PLUS replaces Task 1 in prior re-
leases.

Pre-Processing. A utility program,
the Cohort Data Editor (EDT), is
similar to Mod 3 in prior releases.
The standard death rate files are pre-
processed using a utility program,
the Rate File Interface (RFI). This
utility performs Task 2 in prior re-
leases and is normally executed once
during an analysis. The resultant RFI
output files are preserved for access
by other software components.

Processing. The processing phase
contains three analytic modules
(Modules 1, 2, and 4), which replace
Task 3 of the prior releases.

Rl

-
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Post-Processing. The main post-
processor programs (PPi, PP2) ui-
lize the primary output (summarized
case data) of the processing pro-
grams (Modules 1 and 2). This post-
processing replaces Task 4 of the
prior releases. Module 3 (OCMX-
LATE), which creates files for Pois-
son or logistic regression analysis, is
also considered a post-processor.

Reports/Data Fxport. The Report
Generators (RPT2-RPT5} use the
primary output of the second post-
processing program (PP2) and re-
place Task 5 of the prior releases.
There is a separate reporting pro-
gram for each Table Type 2 through
5 as defined in the prior releases.
Table Type 1 (age distributions) is
written as part of a general process-
ing report produced from the pro-
cessing program Module 1. Task 6 is
performed by processing program
Module 4 and post processing pro-
gram Module 3. These programs cre-
ate data files for relative risk regres-
sion analysis and Poisson or logistic
regression analysis, respectively.
Other utility software provided in
OCMAP-PLUS includes:

|. Data Management Program
(DMP)—converts binary inter-

mediate files to the ASCII equiv-
alent.

2. Rate File Dumper (RFD)—con-
verts the binary RFI outputs to the
ASCII equivalent.

3. Rate File Lister (RFL)—converts
the binary RFI outputs to the
ASCII equivalent.

4. PRN—selective printing from
each report program’s output file,

More Flexible Data Input

Like prior releases, the cohort data
input file used by almost all process-
ing modules of OCMAP-PLUS con-
tains records of three types: Record
Type 1, identification and demo-
graphic variables, Record Type 2,
case selection variables, and Record
Type 3, work history, and exposure
varigbles. Several extensions have
been made in OCMAP-PLUS:

Record Type 1. This record con-
tains the basic data required by all
analytic modules: record ID, sex,
race, geographic area, cause of death,
birth date, hire date, starting and
stopping date for person-day counts
(for Modules 1 and 4) and vital
status. In addition to age group and
time period, prior releases permitted
a maximum of four strata defined by

Fig. 1. OCMAP-PLUS setup, execution, and cutput.

race (white or nonwhite) and sex
(male or female). Multiple runs and
supplemental programming were re-
quired to adjust for geographic area.
OCMAP-PLUS permits a maximum
of 128 strata defined by geographic
area (32 levels), race and sex. The
addition of geographic area as a
stratification variable allows users to
indirectly adjust summary rates for
geographic area within a single run
of the program.

Record Type 2. This record con-
tains up to 24 user-specified non-
time dependent variables. Record
Type 2 allows subgroups of the co-
hort to be selected using the death
rate-linking variables or other vari-
ables (eg, vear of hire, year of birth,
prior employment). In OCMAP-
PLUS, the control file has been sim-
plified so that users no longer need to
supply the FORTRAN-type input
format to process selection records
and selection variables.

Record Type 3. This record con-
tains detailed work hisiory and expo-
sure history data, which can be used
in the analytic modules to examine
cohort mortality in relation to dura-
tion of employment, job type and/or
indicators of job exposure(s). Record

b
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Type 3 contains one record for each
job held during the employmcnt his-
tory and, for each job, includes the
starting and finishing dates, job type,
and job cxposure profile. Although
the exposure profile can contain
qualitative or quantitativc cxposure
values for one to 99 agents, a maxi-
mum of eight agents can be consid-
ered in a given analysis. OCMAP-
PLUS includes the following
enhancements with respect to Record
Type 3:

e For cach job in the work history,
its “type” can be described by up
to eight components (cg, a typical
four-level hierarchical scheme
might include building, depart-
ment, work area, and job title}. Job
definition and selection can be
done in much greater detail than
was previously possible.

s Job cxposure fields within work
history records are no longer a
fixed length of 15 characters. The
available options in OCMAP-
PLUS are:

* Option 1 (default). The exposure
fields are all of the same length,
which is user-specificd. Different
precisions can be attached to each
exposure ficld by the placement of
4 decimal point.

o Oprion 2: The exposure fields vary
in length, with the FORTRAN-
type format specified in a user-
defined file.

Marsh'” describes a strategy. based

on OCMAP Record Type 3, for

merging and analyzing work history
data in industry-wide occupational
studies.

Extended Analytic Capabilities

OCMAP-PLUS contains four ana-
lytic modules (referred to as “Mod-
ule™). Module | and Module 2 are
enhanced versions of the Mod 1 and
Mod 2 of prior releases. Modules 3
and 4 are new programs in OCMAP-
PLUS. Mod 4 -6 of prior releascs are
not included in the current version of
OCMAP-PLUS, but many of their
computational algorithms have been
included in the current modules. This
section describes the basic features

of the four analytic modules and the
new analytic capabilities of OC-
MAP-PLUS. Marsh''** provides a
more complete discussion of the sta-
tistical algorithms in OCMAP-
PLUS.

Moeodule I—Cohort Mortality Rate
Analysis. This module computes per-
son-days at risk, internal cohort mor-
tality rates, and indirectly standard-
ized mortality ratios (SMRs) for
subgroups of the cohort defined by
one or more of the:

1. Standard death rate-linking vari-
ables {(age, time period, race, sex,
geographic area and cause of
death),

2. Selection variables in Record
Type 2,

3. Time-dependent work history
variables (duration of employ-
ment, time since first employ-
ment), and

4. Time- and agent-specific expo-
sure variables (duration of expo-
sure, cumulative exposure and av-
erage intensity of exposure).

Storing the person-day counts on
disk (for usc by post-processing pro-
grams) eliminates the redundant per-
son-day calculations in prior re-
leases. Standard population death
rates used in the calcnlation of SMRs
can be specified by the user or ob-
tained from the Mortality and Popu-
lation Data System (MPDS) devel-
oped at the University of
Pittsburgh.'”> Module 1 also com-
putes 95% and 99% confidence in-
tervals for SMRs using Poisson
probabilities.'®

Module 2—Proportional Mortality
Analysis. Module 2 performs analo-
gous computations to Module 1 for
proportional mortality rather than
mortality rates. Module 2 computes
internal proportional mortality and
indirectly standardized proportional
mortality ratios (SPMRs) for the
same subgroups defined for Module
1. Proportional mortality and SPMRs
can be bascd on the distribution of
total deaths or on any user-specified
causes of death. Standard population
proportional mortality can be speci-

fied by the user or obtained from the
MPDS system. Module 2 computes
95% and 99% confidence intervals
for SPMRs using the test-based ap-
proach of Miettinen.'”

Module 3—Create Grouped Data
Files for Poisson or Logistic Regres-
sion. The stratified analytic methods
available in Modules | and 2 may
not be adequate in studies that relate
mortality risk to multiple exposure
and/or potential confounding vari-
ables. Poisson regression™'® can be
used to summarize data, to investi-
gate the dependence of rates or
SMRs on combinations of these vari-
ables, and to estimate adjusted risk
(rate) ratios. Similar questions can be
addressed for proportional mortality
and SPMRs using logistic regres-
sion.”

In Poisson regression, the ob-
served number of deaths in a partic-
ular cross-classification of the vari-
ables is assumed to follow a Poisson
distribution with a mean that de-
pends on the person-vears at risk (for
internal cohort rates) or the expected
number of deaths (for SMRs), and
the effects of the classification fac-
tors. A multiplicative model for the
cohort rates is given by

log E{observed deaths)
= log(person-vears) + B'x

(1]
and for the SMRs is

log E(observed deaths)

= loglexpected deaths) + P'x
[2]

where E denotes statistical expecta-
tion, log denotes natural logarithm, B
is a p-dimensional vector of regres-
sion coefficients to be estimated and
X is the corresponding vector of co-
variates.

For proportional mortality analy-
sis, the age-time specific proportion
of deaths from a cause of interest can
be modeled using a logistic regres-
sion maodel:

logitlp) = B'x 131

~mc

0o
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TABLE 1
OCMAP-PLUS Module 3 Output: Format of Grouped Data Files for Poisson Regression
The file created by Module 3 (OQCMXLATE) is a space-delimited flat ASCII file with each record in the following format:

Field Number Description Location Width Type* Notes
1 File ID 1:4 4 Corl User supplied—four characters that uniquely identify
the input file
2 Plant 6:7 2 | Plant Code
3 Sex 9:9 1 | Sex Code {1—Male, 2—Female)
4 Race 11:11 1 | Race Code (1—White, 2—Nonwhite)
5 Latency 13:13 1 | Latency Interval
6 Exposure Index 1 15:15 1 | First Selected Exposure Interval
7 Exposure Index 2 17:17 1 | Second Selected Exposure Interval
8 Exposure Index 3 19:19 1 | Third Selected Exposure Interval
9 Exposure Index 4 21:21 1 I Fourth Selected Exposure Interval
10 Exposure Index 5 23:23 1 | Fifth Selected Exposure Interval
11 Exposure Index 6 25:25 1 [ Sixth Selected Exposure Interval
12 Exposure Index 7 27:27 1 I Seventh Selected Exposure Interval
13 Exposure Index 8 29:29 1 | Eighth Selected Exposure Interval
14 Age Time Recode 31:32 2 | Age Time Recode
15 Time Index 34:35 2 | Time Interval
18 Age Index 37.38 2 1 Age Interval
17 Number of Unknown Causes 40:47 8 | Number of Unknown Causes of Death
of Death
18 Number At Risk 49:56 8 | lgnore—internal programming code
19 Age 58:65 8 | lgnore—internal programming code
20 Time 67:74 8 | lgnore—internal programming code
21 Cell 76:83 8 | Ignore—internal programming code
22 Observed Number of 85:92 8 | Ohserved Number of Deaths for First Selected Cause
Deaths—1 of Death
XX Observed Number of 8 I Observed Number of Deaths for the nth Selected
Deaths—n Cause of Death
XX Expected Number of 15 F Expected Number of Deaths for First Selected Cause
Deaths—1% of Death
XX Expected Number of 15 F Expected Number of Deaths for the nth Selected
Deaths—n'" Cause of Death
XX Person Years? 15 F Accumulated Person-Year Counts (Module 1 only)
XX Total Deaths 15 F Observed Counts of Death for All Causes of Death

{(Module 2 only)

*1, Integer; C, Character; F, Floating Point.

T For Module 1, expected number of deaths based on standard population death rates. For Module 2, expected number of deaths based
on standard population propertional mortality.

* The output excludes records with zero person-years.

Comparisons to an external popula-
tion can be made by including an
offset term in the model:

logit(p) = logirp*) + B'x.  |4]

where p* denotes the corresponding
age-time specitic proportions in the
standard population.

Maximum likelihood estimates of
Poisson and logistic regression pa-

rameters can be obtained using avail-
able software such as the General-
ized Linear Interactive Modeling
(GLIM4) program,'” EGRET,* and
Epicure.”'

In the past, we created the grouped
data files for Poisson or logistic re-
gression from the cohort data input
file using separate programs. In OC-
MAP-PLUS Module 3 (OCMX-
LATE), these grouped data files are

constructed from the output files of
Post Processor 2 (PP2), which uses
as input the output from Module 1
for Poisson regression files or Mod-
ule 2 for logistic regression files.
Both of these grouped data files are
in a flat ASCII format suitable for
input into other statistical packages.
Table 1 provides an annotated listing
of the variables (and format) created
by Module 3.
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Module 4—Create Risk Set Files
for Relative Risk Regression Analy-
sis. Continuous-time relative risk re-
gression models provide an alterna-
tive analysis to Poisson regression of
the internal cohort rates. The Cox
proportional hazards model*>** and
its generalizations are discussed in
an occupational cohort setting 1in
Breslow and Day.” The general form
of the model is given by

Ay = }\(J(I) exp{x()B} (]

where A, (1) is the hazard of an event
at time t for an individual with base-
line levels of all covanates, x() is a
vector of covariates (exposures
and/or potential confounding vari-
ables evaluated as of each event time
t), and [ is the corresponding param-
eter vector estimated by partial like-
lihood. The Cox model essentially
compares the exposure(s) of the case
(usually a cause-specific death) to
the average exposure(s) of the mem-
bers of the corresponding risk set
(the case and the other cohort mem-
bers alive and at risk at the time the
case died). When there are multiple
time-dependent covariates, the most
feasible way to actually fit model [5]
is to explicitly construct the risk sets
and to estimate the parameters using
a conditional logistic regression pro-
gram such as EGRET,” Epicure,”'
or LogXact Turbo.” The algorithms
used to enumerate these risk sets and
compute the values of the time-
dependent covariates at the appropri-
ate times also provide matched sets
for nested case-control studies.
OCMAP-PLUS, Module 4, con-
tains four separate programs that are
executed sequentially:
RISK-SET—From the input cohort
file (Record Types 1-3), the cases
are identified and the event times
ascertained. Age is the primary time
dimension. For each case, a risk set
is defined as the case plus all cohort
members alive and at risk at the age
the case died. Individuals are not
considered to be ““at risk” prior to the
age at which they meet the cohort
entry criteria (“delayed entry™). Risk

sets are matched within a specific
range (“caliper matched”) on year of
birth. For each member of each risk
set, each covariate x(t) is evaluated
as of the age the corresponding case
died. Table 2 provides an annotated
listing of the variables (and format)
created by RISK-SET.

RS-MATCH—The full risk sets
can be further matched on values of
variables from Record Types 1-3,
with exact matching on categorical
covariates, such as race, and caliper
matching on continuous variables.

RS-RANDOM—The non-cases in
each risk set can be sub-sampled at
random, based on either a fixed sam-
ple size per risk set, as in a nested
case-control study with 1:M match-
ing, or a fixed sampling fraction, as
in incidence density sampling.*

RS-STRIP—The user specifies the
variables to be output in the flat
ASCII file that contains the explic-
itly constructed risk sets.

Other New Features in
OCMAP-PLUS

Algorithm to Allocate Person-
Years for Persons of Unknown
Race (Modules 1-3)

In prior releases, race-specific per-
son-days were accumulated for only
those study members of known race.
Race information can be obtained
from death certificates for deceased
workers, but may be missing for
workers who were alive at the end of
follow-up and employed during time
periods when such data were not
routinely collected. When race infor-
mation was unknown for only a
small percentage of the cohort, and
most of those with known race were
white (or nonwhite), our past ap-
proach has been to assume that all
study members were of the predom-
inant race and calculate the expected
numbers of deaths based on the cor-
responding race-specific standard
mortality rates. Neither the prior re-
leases of OCMAP nor other similar
programs included the person-years

of study members of unknown race
in external mortality comparisons.
OCMAP-PLUS now provides such
an analytic approach to include study
members of unknown race.

In OCMAP-PLUS, the person-
years accumulated by study mem-
bers of unknown race are assigned to
the white or nonwhite categories in
proportion to the person-year distri-
butions of study members of known
race, using a Proportional Allocation
Method (PAM). For example, if a
cohort with 1300 person-years in-
cluded 800 white person-years, 200
nonwhite person-years and 300 per-
son-years of unknown race, 800/
1000 (80%) of the 300 unknown race
person-years would be assigned to
the white category, and 200/1000 or
(20%) would be assigned to the non-
white category, resulting in esti-
mated total race-specific distribu-
tions of 1040 white and 260
nonwhite person-years. To reduce
bias, this allocation is performed
within strata defined by geographic
area, sex, age group and time period.
The resulting total numbers of allo-
cated white and nonwhite person-
years represent weighted averages of
the stratum-specific assignments.
Sparse data problems have precluded
further stratification on other study
variables, such as duration of em-
ployment or time since first employ-
ment.

Although the PAM does not im-
pute race for individual study mem-
bers, the person-years of study mem-
bers of unknown race are included in
the grouped external mortality com-
parisons, under the assumption that
the person-years distributions of
whites and nonwhites in a given
stratum of workers with uwnknown
race are proportional to the corre-
sponding distributions based on per-
sons of known race. A model-based
iterative allocation of person-years
developed by Youk*® can be used in
conjunction with standard OCMAP-
PLUS output to impute race at an
individual level.
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TABLE 2

OCMAP-PLUS:; Module 4 Qutput—Format of Risk Set File for Relative Risk Regression
The file created by RISK-SET is a space-delimited ASCII flat file with each record in the following format:

Field Number Description Location Width Type* Notes
1 Case Number 1:6 8 | Stratum Number
2 Case or Control 8:8 1 | Case or Control (1—case, 2—control)
3 Record Number 10:15 5] | Record Number from Cohort File
4 Sex 17:17 1 | 1—Male, 2—Female
5 Race 19:19 1 | 1—White, 2—Nenwhite
8 ICDA 21:24 4 Corl ICDA Code, 4102 means 410.2
7 Birth Month 26:27 2 | Date of Birth from Record Type 1
8 Birth Day 29:30 2 | Date of Birth from Record Type 1
9 Birth Year 32:35 4 | Date of Birth from Record Type 1
10 Hire Month 37:38 2 | Date of Hire from Record Type 1
1 Hire Day 40:41 2 | Date of Birth from Record Type 1
12 Hire Year 43:46 4 | Date of Birth from Record Type 1
13 Start Month 48:49 2 | Start Date from Record Type 1
14 Start Day 51:52 2 1 Start Date from Record Type 1
15 Start Year 54:57 4 | Start Date from Record Type 1
16 Stop Month 59:60 2 | Stop Date from Record Type 1
17 Stop Day 62:63 2 | Stop Date from Record Type 1
18 Stop Year 65:68 4 | Stop Date from Record Type 1
19 Vital Status 70:70 1 | Standard OCMAP Coding of Vitai Status
20 Plant 72:73 2 | Plant Number from the Rate File Link
21 Event Date Month 75:76 2 | Date the Control Reaches the Event Time
22 Event Date Day 78:79 2 | Date the Control Reaches the Event Time
23 Event Date Year 81:84 4 | Date the Control Reaches the Event Time
24 Entry Date Month 86:87 2 i Date of Entry into the Study
25 Entry Date Day 89:90 2 1 Date of Entry into the Study
26 Entry Date Year 92:95 4 | Date of Entry into the Study
27 Separation Date Month g97.98 2 | Date of Separation
28 Separation Date Day 100:101 2 ] Date of Separation
29 Separation Date Year 103:106 4 I Date of Separation
30 Vital Status 108:108 1 I Dead or Alive (1—Dead, 0—Alive)
31 Working Status 110:110 1 I Working Status at the Date of the Event
(1-—Working, 0—Not Working)
32 Days Since Last Worked 112:117 6 | Number of Days Since They Last Worked
33 Plant at Event Time 119:122 4 | Plant where Employed
34 Age 124:129 6 | Age at Event Date
35 Latency 131:136 6 | Latency in Days
36 Number of Selection Variables 138:140 3 | Number of Selection Variables
37 Number of Exposures 142:144 3 | Number of Exposures
38 Number of Average Exposures 146:148 3 | Number of Average Exposures
XX Selection Variables n*15 F n is the Number of Selection Variables
XX Exposures n*15 F n is the Number of Selection Variables
XX Average Exposures n*15 F n is the Number of Selection Variables
XX Time Since First Exposure ne 1 n is the Number of Selection Variables
XX Record 1D 35 C ID from Record Type 1
XX End of Record Identifier 1 C The “I” Character

*1, Integer; C, Character; F, Floating Point.

Time-Dependent Stratification
by Active and Inactive Work
Status (Modules 1-4)

In occupational cohort mortality
studies, the time-dependent variable
“employment status” (ES} can poten-
tially confound the association be-
tween workplace exposure and
health outcome {(mortality). ES is

necessarily related to exposure (only
employed persons can receive work-
place exposures), and ES may be
related to the risk of death (either
because a change in ES may signify
ill health, or because being unem-
ployed increases the risk of
death).”**’

A new feature of Modules 1-4
enables the user to stratify analyses

according to ES. In Module 1, for
example, person-days of observation
and observed deaths are categorized
at any time point according to
whether the study member was ac-
tively working in the study plant or
inactive at that time. The stratifica-
tion by ES is done concurrently with
the other time-dependent variables,
An optional switch allows the user to
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extend the “actively employed” sta-
tus a period of k days beyond the
termination date.

tncorporation of Multiple Time-
Dependent Indices of Exposure
(Modules 1-4):

Increased Number of Exposures
Considered Simultaneously. Person-
days of observation can be accrued
simultaneously with respect to a
maximum of eight exposures vari-
ables (and in conjunction with age,
time, race, sex and geographic area,
up te a maximum of 128 subgroups).
Prior releases permitted only two
simultaneous exposures.

New Exposure Indices. Like prior
releases, OCMAP-PLUS permits the
calculation of two summary mea-
sures of exposure, duration of expo-
sure and time-weighted cumulative
exposure. These time-dependent
measures can be computed over the
total work history or over subsets
defined by job type. The duration of
exposure measure for a given agent
(Agent_Dur) computed over Nj jobs
during exposure peried j can be ex-
pressed as

Agent_Durj
N,

= z Time, - Exp,, where
i=1

Exp, = [1 if exposed

0 if unexposed [6]

where Time, and Exp; represent the
duration of employment and expo-
sure level, respectively, of the ith job
in the work history during exposure
period j. Duration of employment
can be viewed as a special case of
this duration of exposure measure
where Exp, = 1 for all jobs in the
work history.

For exposure agents measured
quantitatively, the time-weighted cu-
mulative exposure (Agent_Cum) is

defined analogously:

N,
Agent_Cumj = 2 Time, - Exp, [7]

i=1

where Exp; is the quantitative expo-
sure value for the ith job.

In OCMAP-PLUS, a third sum-
mary exposure measure, average in-
tensity of exposure, can be computed
separately or in conjunction with du-
ration of exposure and/or cumulative
exposure. For exposure agents mea-
sured quantitatively, the average in-
tensity of exposure (Agent AIE),
computed over N; jobs during expo-
sure period j, is calculated by divid-
ing Agent_Cum by Agent Dur or

Agent_Cum ;

Agent AIE, = ———— 8
BEMAL, Agent_Dur, 181

Agent_AIE is the average intensity
of exposure during periods when the
worker is exposed to that agent. The
default “exposure period” j described
in®* is the total work history (ie, the
time interval from date of hire to date
of termination from employment, ac-
counting for gaps such as sick leaves,
layoffs, strikes, etc).

The interpretation of internal rates
or SMRs relative to the exposure
measures in°~® relies on the implicit
assumption that mortality during a
given observation period is related to
the duration, cumulative or average
intensity of exposure received from
hire date up to the point of observa-
tion. The actual “effectiveness™ of an
agent to causc disecase may change
over time, and may be negligible
during parts of the work history. To
enable some adjustment for this
changing effectiveness, Module 1
also includes the lagging algorithm
from the effective exposure model-
ing program in prior releases of Mod
4.° which can be applied to each of
the summary exposure measures.®~"
For each summary measure (SM),
the lagging algorithm incorporates a
binary weighting factor, which is a
function of the time between expo-
sure and subsequent risk of disease,

to construct an effective summary
measure (ESM) as

k
ESM, = 2 W it 'SMj.,

i=1
where Wi i1

(9]

_l()when(kj+l)<l
1 when(k —j+1)>1

where ESM, 1s the exposure poten-
tially effective in the causation of
disease (mortality) in time period
k; SM; is the summary exposure
measure in exposure period j
(Agent_Dur, Agent Cum or
Agent_AIE); wy_; is the exposure
weighting (lagging) factor; and | is
the lagging period.

As an alternative adjustment for
changing exposure effectiveness,
Module | can accrue person-days of
observation relative to a “moving
average” intensity of exposure
(MAIE). That is, rather than relating
mortality risk to the “cumulative”
AIE® computed across the entire
work history, the MAIE relates mor-
tality risk to the AIE received in a
user-specified time interval j. In
symbols,

Agent_Cumj,

Agent_ MAIE, = ———— [0
8- 7 Agent_Dur, L0l

where j' is the user-specified expo-
sure period. The MAIE can also be
used in conjunction with the lagging
algorithm.” Unlike Agent Dur and
Agent_Cum, which are monotoni-
cally increasing, Agent AIE and
Agent MAIE can increase or de-
crease over time.

In Module 1, OCMAP-PLUS ac-
crues person-days at risk for up to
eight agents 1n terms of the summary
exposure measures in,®~'" concur-
rently with the other time dependent
variables age, time period, duration
of employment and the time since
first employment.
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TABLE 3
University of Pittsburgh Mortality and Population Data System {1995): ICDA Default Cause of Death List—63 Causes
Label Cause of Death Gth & Tth Revision (1950-1967) 8th Revision (1966-1978) gth Revision (1979+)
01 All Causes of Death 001-999 000-999 001-999
02 Tuberculosis 001-019 010-019 010-018
03  All Malfignant Necplasms 140-205 140-209 140-208
04 Buccal Cavity andt Pharynx 140-148 140-149 140149
05  Digestive Organs and Peritcneum 150-159 150-159 150159
06  Escphagus 1507 150 150
07  Stomach 151 151 151+
08  Large Intestine 153 153 153
09  Rectum 154 154 154"
10 Biliary Passages and Liver Primary 155 155, 156 155, 1567
11 Pancreas 157" 157 157
12 All Cther Digestive 152, 156, 158, 169" 152, 158, 159 152, 158, 1597
13 Respiratory System 160164 160-163 1680165
14 Larynx 161" 161" 161*
15 Bronchus, Trachea, Lung 162, 163 162 162"
16 All Other Respiratary 160, 164 160, 163 160, 163, 164, 165
17 Breast 170 174 174,175
18 All Uterine (fermale only) 171, 172-174 180, 181, 182.07, 1829 179, 180, 181, 182"
19  Cervix (female only) 171 180* 180
20  Other Female Genital Organs {female only} 175, 176 183-184" 183184
21 Prostate (male only) 177 185 185*
22 Tss;sﬁsI zilnd Other Male Genital Organs (male 178, 179* 172.5, 1735, 186", 187 188, 187"
only]
23 Kidney 180 189.0, 189.1, 189.2 189.0, 189.1, 188.2
24 Bladder and Other Urinary Organs 181 188, 180.9 18?’8 ;899.3, 189.4, 189.8,
25  Malignant Melanoma of Skin 190 172.017247, 17261729 172"
26 Eye 192" 1907 190"
27  Central Nervous System 193" 191, 1927 191, 192°
28  Thyroid Gland and Cther Endocrine Glands 194, 195° 143, 194° 193, 194*
and Related Structures
29  Bone 196 170" 170"
30  All Lymphatic and Hematopoietic Tissue 200-205 200-209 200-208"
31 Lymphosarcoma and Reticulosarcoma 200 200 200"
32  Hodgkin's Disease 201 201 201"
33 Leukemia and Aleukermnia 204 204207 204-208
34 Al Other Lymphopoietic Tissue 202, 203, 205 202, 203, 208, 209° 202, 203
35 All Other Malignant Neoplasms 165, 191, 197-199 171, 173.0-173.4", 173.6- 171, 173", 195-199
1739, 195-199
36 Benign Neoplasm 210-239 210-239 210-239
37  Diabetes Mellitus 260 250 250
38  Cerebrovascular Disease 330334 430-438 430-438
39 Al Heart Disease 400-402, 410-443 390-398, 400.1, 400.9, 402,  380-398, 402, 404, 410-429
404, 410-414, 420-429
40  Rheumatic 400-402, 410-416 390-398 390-398
41 Ischemic 420, 4221 410-414 410-414
42 Chronic Disease of Endocardium and Gther 421, 422.0, 4222 424, 428 424, 428"
Myocardial Insufficiency
43 Hypertension with Heart Disease 440-443 400.1, 400.9, 402, 404 402, 404"
44 All Other Heart Disease 430-434 420-423, 425-427, 429 M 2—232 7, 420-423, 425-427,
45 Hypertension w/c Heart Disease 444-447 400.0, 400.2, 400.3, 401, 403 401, 403, 405
46 Nonmalignant Respiratory Disease 241, 470-521 460-519" 460-519*
47 Influenza and Pneumonia 480-483, 490-483 470-474, 480-486 480-487
48  Bronchitis, Emphysema, Asthma 501, 502, 527.1, 241* 490-493 490-493"
49 Bronchitis 501, 502 490, 491 490, 491
50  Emphysema 5271 492 492
51  Asthma 241 493 493
52  Other Nonmalignant Respiratory 470-475, 500, 510*-527.0, 527.2 460-466", 500-519 463%6?804225478, 494

* Comparability ratios (CR} unavailable at present time. Rates are unadjusted (CR = 1.0) for these causes.

Mortality and Population Data
System (MPDS)

Since 1980, the Department of
Biostatistics at the University of

Pittsburgh has maintained a data re-
pository and retrieval system for de-
tailed mortality data provided by the
National Center for Health Statistics
and the US Census Bureau. This

Mortality and Population Data Sys-
tem (MPDS) contains the underlying
cause of death code (using Interna-
tional Classification of Diseases
(ICD) four-digit codes) for all per-
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TABLE 3—Continued

University of Pittsburgh Mortality and Population Data System (1995): ICDA Default Cause of Death List—63 Causes

Label Cause of Death

53 Uleer of Stomach and Ducdenum
54 Cirrhosis of Liver

55  Nephritis and Nephrosis

56 All Extemal Causes of Death

57 Accidents

58  Motor Vehicle Accidents

59 All Other Accidents

60 Suicides

61 Homicides and Other External

62 All Other Causes

63  Acquired Immunodeficiency Syndrome
[AIDS) (1987-1892 only)

6th & Tth Revision (1950-1967)

8th Revision (1963-1978) 9th Revision (1979+)

540, 541
581
580-594*

800-995"

800-962

810-835

800-802, 840-962

963, 970-979

964, 965, 980-999"

020-138, 206-207," 240, 242-254, 270-326,

340-398, 450-468, 530-539, 542-580, 587—
587, B00-795

not applicable

531-533 531-533

571 571

580584 580-589

800-999 E800-999"

800-949 E8(0-949

810-823 E810--825

B0D-809, 824-949 E800-807, E826-949
950-959 E950-959

E960-978", E980-999
001-009", 020-139, 240-246,
251-389, 440~-459, 520—
530, 534-570, 572-579,

590-799
042-044, 795.8

960-978*, 980-999

000-009°, 020136, 240—
246, 251-389, 440-458,
520-530, 534-570, 572-
577, 580796

not applicable

* Comparability ratios {CR) unavailable at present time. Rates are unadjusted {CR = 1.0) for these causes.

TABLE 4

Observed {Obs) Deaths and Standardized Mortality Ratios (SMRs) for Selected
Causes of Death for Short-Term and Long-Term Workers, N-Cohort Males,

Local County Comparison, 1946-1989"

N-Cohort
Short-Term Long-Term

Work Worker

Cause of Death (ICD 8th orwer ,
Revision Codes) Obs SMR Obs SMR
All causes 277 110 408 97
All malignant neoplasms 73 125 108 108
Respiratory system (RSC) 33 143 35 98
NMRDxIP 13 131 23 116
Cirrhosis of liver 7 108 6 81
Nephritis and nephrosis 4 201 5] 190
External causes 34 96 25 85

* Adopted from Marsh et al (1996), reference 28.

sons who died in the United States
between 1950 and 1994 (limited to
deaths from malignant neoplasms for
the 1950-1961 period). Individual
death records include codes for sex,
race, age of death, year of death, and
geographic location (county and
state of residence at time of death).””

In MPDS, individual death records
are categorized and linked with the
corresponding population data to
form death rates specific for five-
year age groups, five-year time peri-
ods, race (white and non-white), sex,
geographic location and cause of
death. Cause of death can be defined
by any individual ICD code or com-
bination of ICD codes. Table 3 pro-
vides a listing of the standard 63
cause of death categories that are

suitable for most cohort analyses.
The listing shows the ICD codes for
the sixth through ninth revisions, and
indicates which categories can be
made comparable to any one revision
using comparability ratios (CR) pro-
vided by the NCHS. This approach,
in which death rates are “adjusted” to
a specific base ICD revision, 1s ap-
propriate for studies that code all
deaths to the base revision. MPDS
death rates are also available in un-
adjusted form. Such rates are appro-
priate for studies that code all deaths
to the revision of the ICD in effect at
the time of death.

The MPDS standard death rate
files can be written to OCMAP-
PLUS format specifications and in-
put directly as standard population

data in comparative mortality analy-
ses. The MPDS data base is updated
annually as new NCHS data are re-
leased. According to NCHS policy,
detailed mortality and population
data for counties of population size
less than 100,000 cannot be distrib-
uted. To our knowledge, the MPDS
is the most comprehensive and ac-
cessible data repository and retrieval
system of its kind.

Examples from Recent
Historical Cohort Studies

As part of our ongoing man-made
vitreous fiber (MMVF) worker co-
hort mortality study at the University
of Pittsburgh, Marsh et al*® reported
the 1946 to 1989 mortality experi-
ence of 3,035 workers employed at
least one year between 1945 and
1978 in one or more of five rock
wool or slag wool (RSW) manufac-
turing facilities in the United States.
This study includes a nested case-
contro! study to examine the rela-
tionship between respiratory system
cancer (RSC) and exposure to RSW
fibers with adjustment for the poten-
tial confounding factors (year of hire,
plant, and smoking status) and co-
exposures (up to seven other agents).

In the MMVF study, we used OC-
MAP-PLUS Module 1 to compute
total and cause-specific internal co-
hort death rates and SMRs. The out-
put from Module | for selected
causes of death is illustrated in Table
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TABLE 5

Estimated Risk Ratios for Respiratory System Cancer Mortality by Cumulative Exposure to Respirable Fiber (RFib_Cum)
With and Without Adjustment for Smoking History, N-Cohort Males*

Case-Control Study Data (1970-1989)*

RFib_Cum
(fibers/cc-mos.)

Full Risk Sets (1946-1989)"
(68 cases, 8017 controls)

Unadjusted for Smoking
{84 cases, 107 controls)

Adjusted for Sirﬁbléir;g§.
{54 cases, 101 controls)

<3 1.00 1.00 1.00
3-14 72 70 B4
15-39 94 59 55
40+ 83 71 58

(Global P valus) (0.79) {0.76) (0.64)

* Adopted from Marsh et al (1996), reference 28.

T Matched on year of birth.
* Adjusted for year of birth.

¥ Smoking categorized as ever/never; 6 contrals with unknown smoking excluded.

TABLE 6

Summary of Unadjusted and Adjusted Risk Ratios for Cancer of the Lung by Duration (years) of Exposure to
Formaldehyde = .2 ppm, Wallingford White Male Cohort, 1945-1984"

Adjusted Risk Ratio Estimates

Duration of Observed Unadjusted SMR Global Trend Cohort Rate Global Trend
Exposure Deaths SMRT Ratio* of SMRs Based® P Value P Value Based' PValue P Value

0 41 a3 1.00 1.00 .05 .02 1.00 .03 1

Under .5 34 166 1.78 1.74 1.64

5— 22 145 1.56 1.57 1.54

5+ 16 170 1.83 1.80 2.21

* Adopted from Marsh et al (1996), reference 29.
T SMR internally adjusted for age group and calendar time period.

* Relative to baseline category.

8 All modeis adjusted for year of hire and time since first employment via Poisson regression.

I All models adjusted for age, time, year of hire, and time since first employment via Poisson regression.

4. In this example, observed numbers
of deaths and the SMRs are shown
separately for short-term (duration of
employment <5 years) and long-
term (duration of employment =5
years) male workers. The short-term
contribution of the long-term work-
ers, which is necessarily mortality-
free, has been cxcluded from this
analysis.

Table 5 shows the estimated risk
ratios (RRs) for RSC by a time-
dependent cumulative exposure
(Agent_Cum) to respirable RSW fi-
ber. The RRs are shown for the full
risk sets and for the case-control data
(limited to 1970-1989), with and
without adjustment for smoking his-
tory. The OCMAP-PLUS Module 4
program RISK-SET was used to enu-
merale the risk sets, matched on year
of birth, and compute the appropriate
time-dependent covariates at each

event time. RS-RANDOM was used
to subsample from the full risk sets
and select two controls for each case
in the nested case-control study. The
parameters in these relative risk re-
gression models were estimated us-
ing the conditional logistic regres-
sion program in EGRET.*

A recent cohort mortality study of
formaldehyde-exposed workers™ il-
lustrates the use of the Module 3
grouped data file export feature for
Poisson regression analysis. This
study examined the 1945-1984 mor-
tality experience of 6,039 male
workers with emphasis on the rela-
tionship between formaldehyde ex-
posure (with or without particulate
exposure) and lung cancer. Table 6
shows observed deaths and SMRs
for lung cancer by four categories of
a time-dependent duration of expo-
sure (Agent Dur) to formaldehyde

greater than 2 parts per million
(ppm). Also shown are estimated risk
ratios for lung cancer based on both
SMRs and internal cohort rates, with
adjustments made for several poten-
tial confounders in the Poisson re-
gression models. These models were
fit using GLIM4."*

Hardware and Software
Specifications

OCMAP-PLUS is written in FOR-
TRAN-77, except for Modules 3 and
4, which are written in ANSI-C.
OCMAP-PLUS can be used on an
IBM-compatible DOS-based PC
(IBM, White Plains, NY) with a 386
(or higher) processor, math co-
processor and Smartdrive capability.
OCMAP-PLUS requires 640K RAM
and a hard drive sufficiently large to
allow an approximate 5:1 ratio of
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free space to system size (data file,
program executables and rate files).
OCMAP-PLUS can also be com-
piled for use on VAX-based main-
frames and UNIX-based worksta-
tions. These versions of OCMAP-
PLUS are compiled on individual
machines, due to differing system
requirements and machine architec-
ture. A version of OCMAP-PLUS
for Microsoft® (Redmond, WA)
Windows-based operating systems is
under development.

Availability of OCMAP-PLUS
and the MPDS Data

OCMAP-PLUS is very flexible
and easy to use, It is uvseful for
biostatisticians and epidemiclogists
engaged in occupational or environ-
mental health research, as well as
other allied health professionals with
some knowledge of statistics or com-
puter programming (eg, physicians,
industrial hygienists, engineers, tech-
nicians), OCMAP-PLUS is suitable
for classroom use to give students
“hands on” experience in courses on
industrial and environmental epide-
miclogy or biostatistics.

The OCMAP-PLUS package in-
cludes a user manual, program execut-
able code, test data, sample control and
rate files, and a setup program for hard
drive installation. Single or multiple
user licenses and optional maintenance
programs can be purchased from the
Department of Biostatistics. Discounts
are available to non-profit organiza-
tions and to current OCMAP users.
MPDS data can be obtained either as
text (hard copy) or in machine-
readable OCMAP-PLUS format for a
nominal cost. Persons interested in ob-
taining OCMAP-PLUS and/or MPDS
data should contact the first author
(GM.).
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