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ABSTRACT

A system is developed for the analysis of cohort mortality data. This Mortality
Analysis System (MAS) is designed as a research tool in epidemiologic studks. The system
allows a researcher to investigate the effect of one or more factors on the mortality of a
study cohort. Variables can be categorized as factors to allow for stratification in the
analysis. DATA steps and PROC MATRIX are incorporated in the system to produce the
output. Person-years, observed deaths, and expected deaths are calculated and cross-
classified by the levels of the factors. The resulting data set can be used to compute the
standardized mortality ratios (SMR) for each stratum level. Poisson regression models can
then be used for further statistical analysis.
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SUMMARY

A system is developed for the analysis of cohort mortality data. This
Mortality Analysis System (MAS) is designed as a research tool in epi-
deraiologic studies. The system allows a researcher to investigate the
effect of one or more factors on the mortality of a study cohort. Vari-
ables can be categorized as factors to allow for stratification in the
analysis. DATA steps and PROC MATRIX are incorporated in the system to
produce the output. Person-years, observed deaths, and expected deaths are
calculated and cross-classified by the levels of the factors. The re-
sulting data set can be used to compute the standardized mortality ratios
(SMR) for each stratum level. Poisson regression models can then be used
for further statistical analysis.

PURPOSE AND DESCRIPTION

Public concern about the health risks of exposure to occupational and
environmental hazards has generated much current research in epidemiology.
In the study of a cohort there are often many different factors that can
influence the force of mortality. Socioeconomic status, attained-age,
birth year, calender period, and exposure level are examples of common risk
factors. These factors can be potential confounders or effect modifiers.
Breslow et al (1983) have described three important methods that can be
used in cohort mortality studies. One method that has been widely used re-
quires observed and "expected" deaths grouped according to the levels of
the risk factors. The expected deaths are computed using known baseline
rates (usually from national vital statistics). The observed deaths are
treated as independent Poisson variates and regression methods are used for
statistical analysis (see Frorae, 1983; Froiue and Checkoway, 1985;
Whittemore, 1985). The purpose of the MAS is to provide a convenient
method for obtaining grouped mortality data.

The MAS is designed to help the epidemiologist in achieving a better
understanding of complex disease patterns that may occur in cohort mor-
tality studies. Using the system, a researcher can take cohort data and
create an output file for a specified cause of death. The variables of in-
terest must be categorized into levels and defined as factors. A macro
call will initiate a series of macros that creates the output file. DATA
steps accumulate total person-years and observed deaths by levels of the
factors. PROC MATRIX Is used to calculate expected deaths using the known
age and calendar year specific baseline rates. The researcher can request
SMR's with the output or use the output data set in subsequent analysis.

Methods
11 ' :
The MAS is generally designed for use with occupational cohorts but is

not limited to occupational settings. A file with a standardized format is
required as input no the system. This standard input file (SIF) can be



created easily frorc a typical cohort file containing demographic Informa-
tion, vital status, and risk factors (see, e.g., Frorae and Hudson, 1979).

The SIP must contain one record for each study subject and the risk factors
roust be categorical. Using standard variable names and factor level
assignments the data set becomes input for the MAS macro. Options allow
the researcher to request specific causes of death or a screen selection of
all causes.

Cohort Data

Standard Input
. File >

MAS macro
invocation

Output
File

\ further /
\ Analysis /

The following variables are required by the system:

Date of birth
Date of entry into the study
Date of last termination
Vital status (alive, dead, unknown)
Date last seen
ICD8 code (if dead)
Fl risk factors assigned levels 1,2 ....,99
F2
F3

F10

The date last seen should represent the date of death, date lost to follow-
up, or date of study closing depending on the vital status for the sub-
ject.: The MAS will accept up to ten risk factors each with up to 99 levels
(subject to operating system constraints).

The macro call allows for the selection of cause of death as an op-
tion. The calculations of expected deaths requires a set of rate tables



for the causes of death of Interest for some external comparison popula-
tion. All rates used In the following examples are for U.S. white males
from the USDR program by Monson (1974).

The resulting output data set contains factor level indices, person-
years, and observed and expected deaths for each cause of death selected.
Another macro can be invoked to produce SMR values by the levels of the
selected factors. The data set can he cataloged for further analysis using
more complex methodology.

Mortality data from an occupational cohort is used here as an example
(see Polednak and Frorae 1981). Data for over 15,000 white males who worked
at a uranium-processing plant during WWII are considered with three risk
factors. The factors are socioeconomic status, birth year, and calendar
year period. The levels are as follows:

Fl - socioeconomic status (S) skilled
unskilled
professional

F2 - birth year (B) <1910
M910

F3 - calendar period (P) 1950-1959
1960-1969
1970-1974

The output obtained from the MAS for this example is given in Table 1.
The overall lung cancer SMR is 119 with 95% confidence limits of (106,
134). Inspection of Table 1 indicates that there is substantial variation
in the SMR values with respect to the factors of interest.

Poisson regression analysis is used to evaluate the relative importance
of each of the factors (S, B, and P) by fitting a hierarchical sequence of
log-linear models. The deviance for each model is recorded in a Poisson
ANOVA table (similar to that used in a standard factorial experiment).
Consider for example the "main effects" models.

where Y denotes the observed deaths, \i° the expected deaths, and the in-
dices i, j, k identify the levels of socioeconomic status (S), birth year
(B), and period (P). The deviance for this model (S+B+P) is 15.52 with 12
dF (see line 11 in Table 2).

The Akaikie information criterion (A.I.C. = deviance + 2 x number of
parameters) is given in the last column of Table 2 (see McCullagh and
Nelder, 1983 for further discussion of the deviance and A.I.C.). This is
used to identify models that provide a good description of these data. He
identified the model with the smallest A.I.C. value that contains all of
the main effects as the "best" summary model. The maximum likelihood esti-
mates of parameters for this model (S+B+P+S.B) are given in Table 3.: These
results indicate that SES is an important risk factor for lung cancer and
there is a strong SES by Birth year interaction. Consequently, the "use of



a summary SMR adjusted for age and calendar year Is clearly not appropriate
for this example.

Complete documentation for the portion of the system that uses the SIF
to produce the summary output by factor levels Is given In an ORAU techni-
cal report (see McLain and Frorae).
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Table 1. Lung Cancer Data For Workers at Uranlun-Proceeslng Plant

Period:
Byear:

SES:
Sk

UnSk

Prof

Obs
Exp
Pyrs
SMR

Obs
Exp
Pyrs
SMR

Obs
Exp
Pyrs
SMR

<1910

3 3
28.91

44697
114

5
8.05

9645
62

1
1.79
2750

56

1950s
1910+

6
5.13
71011

1 1 7

1
0.61
10925

1 6 4

1
0.35

5785
2 8 6

«1910

7 5
64. 9V

36585
115

14
15.28

7529
9 2

3
3.97

2258
76

1960s
1910+

3 8
29.41
66796

129

13
3.60
10291
361

1
2.15

0582
47

<1910

47
34.53

11152
136

7
6.90

2071
101

1
2.29

744
44

1970s
1910+

35
27.55
24621

127

5
3.49
3782
143

1
2.20

21S9
45

NOTE: Expeoted Deaths based on U.S. Walte Male rates .

Table 2. Potsson AN0VA For Lung Cancer Data
All Possible Multiplicative Factor Models

Model

minimal
S
B
P

S+B
S+P
B+P

S+B+S.B
S+P+S.P
B+P+B.P

S+B+P

S+B+P+S.B
S+B+P+S.P
S+B+P+B.P

S+B+P+S.B+S.P
S+B+P+S.B+B.P
S+B+P+S.P+B.P

S+B+P+S.B+S.P+B.P

df

17
15
16
15

14
13
14

12
9

12

12

10
8

10

6
8
6

4

Deviance

22.97
18.64
20.53
21.94

16.05
17.57
20.02

7.39
14.41
15.54

15.52

6.94
12.29
14.04

3.90
5.51

10.66

2.71

A.I.C.

25.0
24.6
24.5
27.9

24.1
27.6
28.0

19.4
32.4
30.5

27.5

22.9
32.3
30.0

27.9
25.5
34.7

30.7

Table 3. Parameter Estimates for 'Best* Model

For The Lung Cancer Data In T&ble 1

Referent Group for Intenul Comparison Is
SES • Skilled Byear <1910 Period - 1950s

Parameter Esttmate(L%) St. Dev.

SES
Skilled vs VS. 10 J 15.2

Unskilled vs. VS. -23.0 23.1
Professional vs. US. -56.1 463

Period
1960s vs. 1950s 10.4 17.0
1970s vs. 1950s 11.1 18.3

SES x Byear ( Young vs Old )
Skilled 3.7 14.1

Unskilled 103.4 30.4
Professional 1.3 73.1


