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Preface

This report contains papers presented at a workshop standards from a variety of perspectives. Participants in-
held at the National Center for Health Statistics (NCHS) cluded representatives of selected Federal Government
on March 7, 1991. The workshop was held in order to agencies, the National Committee on Vital and Health
address concerns arising from the use of the 1940 U.S. Statistics, the State of Michigan, and present and former
population as a standard for age adjustment of vital rates NCHS staff.
and to review issues surrounding the use of alternative
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Chapter 1
A reconsideration of age
adjustment

by Manning Feinleib, M.D., Dr.PH.
National Center for Health Statistics

Introduction

During the last 150 years, there have been at least
eight formal occasions that | have been able to identify on
which experts have come together under the auspices of
official statistical agencies or societies to discuss the issue
of age adjustment. Undoubtedly, there have been innumer-
able other discussions that have not found their way into
the literature. The need for this current workshop came
about because of some adjustment issues that arose in
formulating the health objectives for the Nation for the
year 2000. We hope this workshop will provide a collegial
discussion of these issues.

From another point of view, however, it is almost a
court case with plaintiffs and defendants. The plaintiffs
arguing that the current method has to be changed and
offering reasons why, and the defendants arguing that the
current method has been successful, or at least adequate,
for its intended uses and should be maintained. At the end
of this workshop, we will deliberate the claims and make
recommendations as to how to adjudicate between them.

The crux of the issue is that we want to find out to
what extent the current standard is truly inadequate—
either not representing the true trends in a statistical
sense or not communicating the intended message in a
psychological or political sense. While age adjustment is
used to enhance understanding of masses of data, it also
conceals details; and we need to see examples of how this
works in practice to the disadvantage of public health
information, which will guide policies and inform the
public.

As an introduction to these discussions, | would like
to review briefly a few issues that have come up repeatedly
in previous deliberations on age standardization and put
them into a more modern perspective.

The distribution of the population and
deaths by age

Figure 1 shows the number of deaths, the estimated
midyear population, and the calculated death rates by age
for the United States in 1986. Ten-year intervals are used
except for ages less than 1 year, 1-4 years, and 85 years
and over. Many demographers have been struck by the
exponential nature of the mortality curve (for example,
Gompertz), which ranges from 236 per million at ages 5-9
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Figure 1. Number of deaths and death rates: United States, 1986

years to 153,989 per million at ages 85 years and over.
Most age adjustment methods weight the individual age-
specific death rates by a standard distribution of the
population or of the number of deaths in order to provide

a single index, which is to serve as a summary indicator of
this broad range of death rates (See part Il). Some causes
for concern are immediately obvious. Since most deaths
occur over 70 years of age, age adjustment methods based
upon numbers of deaths will give great weight to this
portion of the age range. Those based on population
distributions will give more weight to the younger age
groups.

The current practice is to calculate a single death rate
for the 85 years and over population. Currently, nearly
20 percent of all deaths are included in this single group.
As the population ages and the mortality curve becomes
flatter into older ages, more and more deaths will occur in
this terminal open-ended stratum. A single death rate
calculated for this group will not be sensitive to any
changes in the age-specific death rates over the age of 85.

Historical perspective

The earliest reference to age adjustment that | have
been able to find comes in an 1844 paper by F.G.P. Neison
(1) presented to the Statistical Society of London (now the
Royal Statistical Society). Neison was responding to an
issue raised by Sir Edwin Chadwick concerning the
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measurement of the health of different communities. Chad-
wick had recommended the examination of the average
age at death of those who had died during a particular
year in the relevant communities as an indication of the
comparative health conditions in those communities. Nei-
son pointed out that the average age at death would
depend to a large extent on the age distribution of the
residents of the communities. While Chadwick’s method
may have had some merit if the populations of the
communities had been closed and stable, Neison recog
nized that differing migration and birth patterns produced
differences in the age distributions, which would have a
profound effect on the average age at death.

In his paper Neison compared the mortality of two
communities, Bethnal-green and St. George’s Hanover-
square, and proposed that in order to overcome the
differences in age structure, *. weshall suppose that the
population of Bethnal-green is actually transferred to St.
Georges . ..” and subject it to ‘. . exactly the same rate
of mortality as that prevailed in St. George’'s Hanover-
square”—the only change being a change in population.
Bethnal-green is taken here to be the stangallation.

Here we have—almost fully blown—the direct stan-
dardization method. As a matter of fact, later in the paper
the indirect method of standardization is presented as
well. One year later, Neison presented an even more
detailed report using the same method comparing occupa-
tional classes (2).

A more complete historical review is presented in part
Il in a paper presented by Lester Curtin.

Age patterns of mortality by cause

As | have indicated, mortality rates vary considerably
with age. The trends in mortality rates over time also vary
by underlying cause of death. Figure 2 shows changes
between 1940 and 1988 in age-specific mortality rates from
accidents, cancer, and heart disease.
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Figure 2. Age-specific mortality rates from selected causes, 1988
as percent of 1940
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For all causes combined, there has been tremendous
improvement at virtually all ages. At the youngest ages,
mortality is only 20 percent of what it was 50 years ago—a
tremendous improvement by any standard. Even at the
older ages, mortality is only about 60 percent of what it
was in 1940.

In the case of heart disease there has, at the youngest
ages, actually been an increase due to better diagnosis of
congenital conditions. At 5-14 years of age, mortality from
heart disease is only about 10 percent of what it was. With
advancing age, the improvement is progressively less im-
pressive so that at age 85 years and over the 1988 rate is
only 20 percent less than the rate for 1940.

In contrast, trends in mortality from accidents indi-
cate that while young adults have just about the same rate
they had 50 years ago, there have been great improve-
ments among children and even more dramatic improve-
ments among the elderly. We have made the environment
much safer for elderly people. There have been great
improvements in industrial and occupational accidents,
and people who fall and break a hip will usually survive,
whereas, 50 years ago it was virtually a death sentence.

The situation with cancer is more complicated. Signif-
icant progress has been made in infancy but we have not
done as well among those 5-14 years of age. | imagine that
some of the increase in mortality at these ages represents
a postponement of deaths from younger ages. We have
done well among young adults but after the age of 55
there has actually been a 20 percent increase since 1940.

The effect of using different standard
populations

To show the effect of using different standard popula-
tions when employing the method of direct standardiza-
tion, we have examined trends for six different populations
(figure 3):

U.S. 1940This population has been used for nearly 50
years in the United States. It emphasizes the age group
15-24 years, and then it has a nearly linear decline to ages
85 years and over.

WHO WORLD WHO has estimated the world popu-
lation for 1975, which is even younger than the U.S. 1940
population but has essentially the same structure (3).

WHO European This standard is based upon the
populations of the European countries in 1975 and is quite
older than the WHO WORLD population. Between the
ages of 5 and 64 years, there is virtually a uniform
distribution of population and then a linear decline through
the remaining ages (3).

U.S. 1990 Because of its recency, this has been
proposed as a new standard. It is similar to the WHO
European standard, except for distortions due to the baby
boom.

World Bank 2020 and 205@sing World Bank projec-
tions for nine industrialized countries (4), Dr. Alvan O.
Zarate and | have developed standard populations for the
year 2020 and 2050. The idea being that since the choice
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Figure 3. Age distribution of six standard populations

of the standard population is somewhat arbitrary, instead
of looking back into the past we might look ahead to the
standard population that we are aiming toward and that if
the population changes as predicted, the age-adjusted rate
might approximate the crude rate. The 2020 and 2050
standards are similar except that the 2020 standard re-
flects the lingering effects of the post-World War 1l baby
boom while that for 2050 eliminates the baby boom and
allows for some improvement in mortality at the older
ages.

Now let us examine the effect of applying the six
different standards to the three disease conditions men-
tioned previously.

Cancer

Using the U.S. 1940 population, the trend in cancer
mortality shows about a 10 percent increase (figure 4).
Because the other standards are based on older popula-
tions (the WHO WORLD is excluded), they all result in
higher rates but the trends are quite similar, with in-
creases ranging from 10 percent using the U.S. 1940
standard to 15 percent using the 2020 or 2050 popula-
tions. The unadjusted rate increased by 64 percent.

From the point of view of the long-term trend in
cancer then, these rates are essentially equivalent—
although the absolute rates themselves are quite different.
None of the standard populations can reveal the differ-
ences in trends among the younger and older adults and,
indeed, because of the grossly different time trends among
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Figure 4. Age-adjusted death rates for cancer using alternate
standards

these two different age segments, a single age-adjusted
rate should probably not be used to summarize these
trends.

Heart disease

Figure 5 shows that the unadjusted mortality rate for
heart disease appears to have peaked sometime around
1960, while use of the 1940 standard results in a peak at
about 1950. Again, all of the standards show similar trends
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Figure 5. Age-adjusted death rates for heart disease using
alternate standards

with declines ranging between 57 (1940) and 66 (World
Bank 2050) percent. Whatever standard is used, the inter-
pretation would be quite similar.

Accidents

Accidents present a paradoxical picture because as we
indicated, mortality was extremely high among older age
groups in 1940, and the most dramatic declines have
occurred in these groups (figure 6). Yet, because the 1940
standard population is young compared with the other
standards under examination, the smallest improvement in
overall mortality results from its use.

While the trends are similar no matter which standard
is used, the order of magnitude is quite different. Using
the 1940 population, 1988 accident mortality is 48 percent
of that for 1940. Using the 2050 standard, mortality is
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Figure 6. Age-adjusted death rates for accidents using alternate
standards
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32 percent of what it was in 1940, but again, there is an
unmistakable decline.

This demonstrates some of the varied results that can
be obtained by using different standards. While the trends
are sometimes more dramatic using the older standards,
the results are essentially the same.

The key dilemma that arises in using an age-adjusted
rate is the impossibility of a single index being able to
reflect nonhomogeneous effects. As long as the trends
over time for different age groups are nearly the same, any
reasonable choice of standard population will serve to
reflect the overall trend adequately and permit compari-
son of different populations. The greater the disparity in
trends by age, the more unsatisfactory will a single sum-
mary measure be. There is general consensus that serious
investigations of trends should consider the trends in
age-specific rates. But because such analyses become very
detailed, it is still desirable to provide some simplifying
summary. If a single measure is deemed unsatisfactory and
detailed age-specific trends too complex, is it possible that
a compromise can be struck by using a relatively small
number, say 5 or 6, of broader age groups that will reflect
the general trends, show major inhomogeneities, and yet
be readily understandable by most data users?

For example, the following segmentation of the age
range (with age adjustment within each strata, if neces-
sary) may serve to accomplish these ends:

Infant mortality

Ages 1-14 years

Ages 15-34 years
Ages 35-64 years
Ages 65-84 years
Ages 85 years and over

oukwppE

It will be useful in our discussion to examine this
concept and see if a consensus could be reached about
appropriate age strata.

Charge to the workshop

With this as an introduction, | wish now to have the
workshop participants review and make recommendations
concerning the following:

1. The potential confusion among some data users in
understanding the difference between crude and age-
adjusted rates and the disparity between the magni-
tude of crude and age-adjusted rates.

2. The adverse “psychological” effect of current rates
being adjusted by the 1940 population.

3. Differences in trends for certain causes of death when
different standards are used.

4. The appropriateness of adjusting at all when trends
differ markedly across age groups.

5. The impact of using different standards by different
Federal agencies or in different reports.

6. The lack of information concerning the rationale for
use of Federal standards.



Some of these issues | have already briefly touched on sickness, and the influences of trade and locality on health,

but | hope that in our presentations and discussions, we derived from an extensive collection of original data, sup-
will give adequate consideration to all of these concerns plied by friendly societies, and proving their too frequent
and develop a set of recommendations for dealing with instability. J Royal Stat Soc 8:290. 1845.

them. 3. World Health Organization. World Health Statistics Annual

Geneva:World Health Organization. 1991.
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Chapter 2

A short history of
standardization for vital
events

by Lester R. Curtin, Ph.D., Office of
Research and Methodology, National Center
for Health Statistics

Introduction

In 1662, John Graunt publishédiatural and Political
Observations Mentioned in a Following Index and Made
Upon the Bills of Mortality(1). This analysis of the Bills of
Mortality for London signaled the beginning of the devel-
opment of analytic methods, such as the life table method,
for using vital statistics and mortality data to examine
public health issues.

A large variety of summary indexes for mortality have
been proposed since the time of John Graunt. Most of
these indexes consider the problem of standardization for
differential age distributions. In the following, a brief
history of two such summary indexes is presented that
draws heavily on some previously published work.

Lilienfeld and Lilienfeld, in examining the history of
epidemiology, took note of beginnings of age standardiza-
tion for mortality data (2). That article, plus a later one by
Lilienfeld (3), are the sources of much of the following
information. In addition, more detailed history and discus-
sion of mortality indexes can be found in chapter 4 by
Woolsey inVital Statistics Rates in the United States, 1900—40
(4) and in the chapter by Pearl Medical Biometry and
Statistics(b).

Background

The development of analytic methods for vital statis-
tics coincided with many of the initial developments in the
field of mathematical statistics. Some time after Graunt,
DeMoivre published his “Doctrine of Chances” in 1718
and is often credited with the discovery of the normal
curve in 1733 (6). Laplace published “Theorie Analytique
des Probabilites” in 1812, the same year Gauss published
the “Theory of Least Squares” (5). Naturally, these theo-
retical developments were soon followed by new applica-
tions of the methods.

The Frenchman Pierre Charles-Alexandre Louis is
attributed with the first vigorous applications of statistical
methods to medical data, starting around 1830. Louis
popularized the use of numerical methods in the study of
medicine and was “responsible for the development of
current concepts of epidemiologic reasoning” (3). Two of
Louis’ students, William Guy and William Farr, were
responsible for the development of the English school of
statistics in the mid-1800's. William Guy, a professor of

medicine at King’'s College, London, used statistical meth-
ods to study occupation diseases (7) and was probably the
first person to employ Monte Carlo simulation to empiri-
cally examine statistical theories (8). William Farr's con-
tributions to epidemiology were numerous (2,3); his work
has been collected in a memorial volume (9).

The growing science of statistics was still in its infancy
when, at the suggestion of the British Association for the
Advancement of Science, the Statistical Society of London
was formed in 1834 (10). The Royal Actuarial Society was
founded 14 years later, in 1848, and the London Epidemi-
ological Society was formed March 6, 1850 (2). Thomas
Malthus, Benjamin Gompertz, Auguste Quetelet, and Sir
Edwin Chadwick were among the notable founders of the
Statistical Society of London (10). Thomas Malthus is, of
course, famous for his theories of population growth.
Benjamin Gompertz developed the first mathematical
model for mortality data. Auguste Quetelet, a Belgium
statistician who trained briefly in France with Fourier and
Laplace, was influential in the application of statistical
thought to the social sciences (6). Sir Edwin Chadwick, a
sanitary reformer, was indirectly responsible for the devel-
opment of standardized rates. Because of the influence of
these statistical pioneers, about one-third of the early
papers presented at the Statistical Society of London were
concerned with vital statistics (10).

During this period, English Public Health Practitio-
ners, sometimes referred to as “sanitary physicians,” rec-
ognized the importance of mortality data as a means to
describe and compare the health of various communities.
These early public health practitioners also began to
realize that the crude death rates were not appropriate to
compare the health conditions for various small geo-
graphic areas. It was the issue of geographic comparisons
of mortality that lead to the development of the present
methods of direct and indirect standardization.

The beginning of the use of standardization

By the 1840'’s, comparisons of crude rates were recog-
nized to be inappropriate when the age distributions of
the geographic areas differed greatly. Public health ana-
lysts wanted an index of mortality that would be free from
the effect of age differences; they also wanted an index
that would provide for an economy of expression and a
simple summarization of mortality. While many different
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summary measures of mortality have been proposed over
the last 150 years, two particular indexes remain as the
most used.

These two widely used summary indexes for mortality
data have become known as the direct standardized (age-
adjusted) death rate and the indirect standardized death
rate. Indirect standardization is often interpreted as an
approximation to the method of direct standardization.
That is, when data needed to compute a direct measure
are not available, analysts may still have enough informa-
tion to compute an indirectly standardized measure. How-
ever, the indirect standardization has intrinsic value and
should be considered on its own merits, not solely as an
approximation to direct standardization (4). Although
demographic textbooks will often denote the direct mea-
sure as the preferred measure, this viewpoint is definitely
not shared by everyone.

Interestingly, although the direct measure is now the
preferred measure for vital statistics in the United States,
it appears as though the indirect standardized death rate
may have appeared first in (British) official government
statistics. Benjamin and Pollard state:

The first reference to a standard rate occurs in Farr's
report of 1856 (Sixteenth Annual Report of the Reg-
istrar General for 1853 .. The concept was later
used (Twentieth Annual Report) to calculate a stan-
dard “natural” death rate for London in order to
assess the excess mortality of the Metropolis. Essen-
tially it represented “indirect” standardization. It ap-
pears that the direct method was due to Ogle who
read a paper on the subject to the International
Statistical Institute in 1891, recommending the use of
an international standard population (though the di-
rect method had in fact been employed in the Annual
Report of the Registrar General for 1885) (11).

However, Benjamin and Pollard may be incorrect on
both the first appearance of the direct standardized rate
and as to who suggested the direct method. Several papers
have attributed the first use of a standardized rate to
Neison in 1844 (3,4).

Neison read a paper before the Statistical Society of
London (now the Royal Statistical Society) on January 15,
1844. This paper was a response to a paper read by Sir
Edwin Chadwick at the previous meeting of the Society.
Subsequently, both papers were published in the Journal
of the Royal Statistical Society (12,13).

Sir Edwin Chadwick was one of the early public health
reformers in England. In particular, he was interested in
the sanitary conditions of the laboring poor and the
subsequent differences in health between urban and rural
areas (14). Chadwick had written a report in 1842 that
emphasized the link between disease and “dirt” due to
insanitary conditions and overcrowding. His report stressed
both the economic cost of ill-health and the social cost in
terms of morals and habits (15,16). To support his conclu-
sions, Chadwick examined mortality data for the different
sanitation districts.
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In a paper read before the Royal Statistical Society,
Chadwick proposed the use of a mean age at death as an
index of health that could be used to compare the health
of the various “sanitation districts” around London. He
argued that the mean age reflected a true summary of the
age-specific risks of dying. Neison, a practicing actuary,
took exception to the logic behind Chadwick's proposal
and in a very brief period put together a rather remark-
able article that introduced both the concepts of direct
and indirect adjustment as well as introducing the term
“standard population.”

Basically, Neison recognized that the age distributions
for the various community populations were very different.
He reasoned that, because mortality increased with age,
Chadwick’s mean age at death for those communities with
a relatively older population would tend to overstate the
excess of death.

In order to account for the difference in age distribu-
tion of the communities to be compared, Neison states:

We shall suppose that the population of Bethnal-

green is actually transferred to St. George’s, Hanover-
square, but influenced by exactly the same rate of
mortality (12).

That is, the age-specific rates for each community
could be assumed to apply to exactly the same population
distribution by age. Neison then used the expected deaths
by age to compute an adjusted, or corrected, mean age at
death; the method proposed is clearly the method of
direct standardization.

Neison compared the crude mean age at death with
the mean age computed by a method of direct standard-
ization to illustrate the fallacy of Chadwick’'s comparisons.
At that time, mortality rates were given as ‘“mortality
percents,” and Neison’s table included a mortality percent
for “deaths transferred”—that is, Neison computed an
age-adjusted rate by the direct method with the popula-
tion of Bethnal-green as the standard. Neison even called
the population a standard, viz. “what would have been the
result provided they had been under the Bethnal-green
standard of population” (12).

Neison goes on to state “another method of viewing
this question would be to apply the same rate of mortality
to different populations” (12). This, of course, is the
method of indirect standardization. Neison again used the
indirect method to compute an adjusted mean age at
death; but he did not carry through on the method to
compute what we would now call a standardized mortality
ratio.

A short time after Neison had read his paper, William
Farr entered the debate in a curious manner. Farr had
been appointed compiler of abstracts in the office of the
Registrar General in 1839. According to Lilienfeld (3),
after Neison’s paper had been presented, Chadwick had
shown his analyses to Farr and Farr had apparently agreed
with Chadwick. Chadwick then published his analysis
along with Neison in theJournal of the Royal Statistical
Society But the Lancet published an editorial critical of



Chadwick’s analysis. Much to Chadwick’s surprise, the
(unauthored) editorial was apparently written by Farr
(3,17).

If this was indeed the sequence of events, then it is
reasonable to assume that Farr was more in agreement
with Neison; this is borne out by the subsequent use of the
indirect adjustment procedure by Farr in 1853. Again,
Neison had proposed both a direct and an indirect adjust-
ment procedure, but Farr was the first to implement the
indirect adjustment procedure. After the initial debate on
standardization came to a close, Neison went on to be-
come one of the founders of the Royal Actuarial Society;
Chadwick continued to fight for reform of laws affecting
the poor, and Farr became the leading epidemiologist of
his time.

Use of direct standardization in England

Various mortality indices were published in reports of
the Registrar General of England and Wales during the
late 1800’s (4). As mentioned, the indirect standardized
rate was introduced in 1853. Woolsey, along with Ben-
jamin and Pollard, states that the first use of the direct
standardized rate was in 1883 in the Registrar General's
report. The English reports continued to use direct stan-
dardization up to 1938. In 1946 the comparative mortality
index was adopted, and then in 1958 the standardized
mortality ratios were adopted (18,19).

When the first “official” direct standardized death
rates were published in 1883, the standard population was
based on the most current census population available,
namely, the 1881 census population. The initial practice
was to change the standard population every 10 years
using each new census population. This was found to be
problematic due to considerations of recomputing histori-
cal rates to assess current trends.

Because of the problems of changing standards every
10 years and the need for international comparisons as
well, Ogle, one of Farr's successors, proposed the use of
an international standard population (20). This standard
was based on a composite of seven European country
populations. However, the idea of one international stan-
dard never gained acceptance, even in England and Wales.

Around the turn of the century, England and Wales
decided to adopt the 1901 population as “the” standard
population and to use this standard even after a new
decennial census. Note that at the time of its adoption, the
1901 population was the latest, most current census pop-
ulation.

Use of direct standardization in the United States

In the early 20th century, methods for the analysis of
vital statistics in the United States often followed the lead
of England and Wales. IMortality 1911, standardized
death rates were published for States and cities having
populations of 100,000 or more (21). From 1921 to 1924 a
similar form of the age-adjusted rate was shown for
specific causes and for geographic areadddmtality Rates

1910-20 published by the Bureau of the Census in 1923, a
number of “adjusted” rates were shown (22).

In these first United States mortality reports, the
age-adjusted death rates were based on the England and
Wales standard population of 1901. At that time, the
standard population was chosen to provide comparability
between the mortality measures produced by the two
countries. ForVital Statistics Rates in the United States,
1900-40(23) as well as fowital Statistics Special Reports,
1900-53 it was decided that the United States population
was different enough from 1901 England that a new
standard should be used. At the time, the 1940 U.S.
population was the latest census population available and
was thus used as the standard. Since that time, all age-
adjusted rates produced as part of the official vital statis-
tics that are published in theital Statistics of the United
States have used the 1940 population as the standard.
Except for life tables, no other mortality summary rates
have been published on an annual basis in th&l
Statistics of the United States

Selection of standard population

In the early 1930's the Committee on Forms and
Methods of Statistical Practice of the American Public
Health Association

... has addressed itself to the task of determining

what, if anything, might conveniently be done to

reduce the distortion and incomparability of rates due
to varying proportions of young and old in the popu-
lations of different times and different geographic

areas (24).

This committee presented two reports (4). The first
report states ‘. .is it notunsound to confuse the health
administrator with crude death rates and possibly to cause
the public erroneously to infer that mortality is in general
rising, at a time when health appropriations are greater
than ever before?” (25). The second report contained
many recommendations, three of which Woolsey specified
as:

a. That the use of the unadjusted total death rate be
minimized . . . (and) referred to always as the “crude
death rate”;

b. that age-specific rates be used in place of the crude
death rate whenever possible, even if broad age
groups be used; and

c. that before any single death rate for all ages be
adopted as standard, there should be further study
(26).

Thus, the committee argued strongly in favor of adjusted
rates but provided no recommendation for which index or
which standard to use.

The issue of what standard population to use in direct
standardization has been addressed by a number of au-
thors in journals and in textbooks. One of the best
summaries of the issues in selection of a standard popula-
tion was given by Wolfenden:
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In connection with this problem of choosing an appro-
priate standard population, it is essential to remember
that directly standardized rates are really index num-
bers which are constructed only for the purpose of
comparison, so that no significance is to be attached to
their absolute magnitudes; the main characteristic of
the standard population consequently should be that
it is not unnatural or clearly abnormal. In practice it
will be found that various standard populations cho-
sen within reason have insignificant effects upon the
inferences to be drawn from comparisons of directly
standardized rates for different geographical areas at
all ages from all cause. . . Care, however, must of
course be taken in drawing inferences from compari-
sons of standardized rates in respect of subdivisions of
a general population, e.g., for certain causes of death
or occupations, in which the age distributions of the
populations exposed to risk may show peculiar char-
acteristics sharply different from any normal general
population (27).

There are three main points in this statement. First,
the age-adjusted rate is an index number. Its magnitude
has no meaning, and it should be used only for compari-
sons. Thus, in examining age-adjusted rates based on
different standard populations, it is not really a valid
argument to state that a particular standard population
yields an age-adjusted death rate that looks “too low.”
The only valid consideration is whether the comparisons
between geographic areas, or between population sub-
groups (such as males compared with females), are valid.

Second, although selection of a standard is somewhat
arbitrary, the standard selected should not be clearly
abnormal. Thus, in the current debate, the issue of whether
the current United States census populatiosigaificantly
different from the 1940 population is a valid point of
contention.

Third, when age-adjusted rates are computed and
published in quantity, such as in thétal Statistics of the
United Statesand a valid standard is chosen, there is still a
certain amount of caution that needs to be exercised in
the use of the age-adjusted rates. An analyst must still
confirm that for any particular analyses, the subdomain
comparisons are appropriate and the use of a summary
measure is valid.

Returning to the issue of selecting a standard popula-
tion, it should be noted that in examining official mortality
statistics, it seems as though the initial selection of a
standard population has almost always been the most
current census population. Once used, however, the stan-
dard may remain in place for some time.

From time to time the question of changing the
standard population is asked. Woolsey examined some
alternative standards and concluded that there would be
no significant change in age-adjusted rates among the
standards examined (4).

When the American Public Health Association pre-
pared its monographs around the 1950 census, Speigelman
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and Marks examined the questions of whether to change
to the 1950 population as standard (28). They concluded
that there was little reason to change.

Since that time, there have been periodic challenges
to the use of 1940 population as the standard. These
challenges seem to coincide with each new decennial
census. For example, the issue was again examined by
Curtin, Rosenberg, and Maurer in 1980 (29). They exam-
ined the effect of the 1940, 1970, and a life table popula-
tion as a standard on such measures as black-white and
male-female comparisons for selected causes of death.
They also looked at overall mortality by State. They found
that the ranking of States by age-adjusted death rate was
not greatly affected by choice of standard population. The
issue of selecting a standard population was then revisited
by Robert Johnson at the 1990 annual meeting of the
American Statistical Association (30).

Again, it seems that after every census, the question of
changing the standard population arises. Perhaps it is a
more important issue today because the 1940 census
population is 50 years old and because of the increased
emphasis on the analysis of chronic diseases and health
issues for the elderly population.

Discussion

Although developed and widely used in England dur-
ing the 19th century, the age-adjusted death rate was
never accepted by everyone. In a discussion before the
Royal Statistical Society, the age-adjusted rate was termed
the “despised standardized rate” (31), and, 50 years later,
the direct-standardized age-adjusted death rates are still
despised by some illustrious persons (32). In Greenwood’s
time, such displeasures with the age-adjusted rate led to
discussions of alternative summary measures, such as
using the life table death rate (33), the equivalent average
death rate (34), or measures developed by Yerushalmy
(35), Kerridge (36), and others. Woolsey (4) examines
some alternative summary measures as do numerous re-
view articles (37-43).

Throughout the history of the use of the direct-
standardized or age-adjusted death rate, the utility of the
measure has often come into question. Nevertheless, the
age-adjusted rate continues to be an integral part of the
analysis of mortality trends and differentials.

Accepting this, the need for a summary index must be
balanced by recognition of the limitations of summary
measures. One hundred years after the founding of the
Royal Statistical Society, Major Greenwood, in his discus-
sion of Yule, stated:

... the numerical statistical method, as distinct from

the tabular statistical method of our ancestors, has
been introduced precisely because the power of the
human mind to grasp a number of particulars is
limited, ... It was not until the seventeenth century

that it was realized that in seeking to grasp everything,
one tended to grasp nothing (34).



This statement, either quoted directly or in a slightly
different form, has continued to be prevalent in the
multitude of published work on uses and limitations of
summary measures of mortality.

Assuming the usefulness of the age-adjusted rate, the
guestion of selection of the standard population remains.
Clearly, the age-adjusted rate is a summary index, an
index number whose magnitude has no meaning and
should be used for comparisons only. Also, there can be
delineated instances where it is inappropriate to use a
standardized measure. This leads to a rather simple con-
clusion: If it is appropriate to use age adjustment, then the
results should not be affected by the selection of a stan-
dard population; but if the results can be affected by the
choice of a standard population, then it is not appropriate
to use standardization at all.

In closing this historical overview, certain recurring
issues may be mentioned:

» Standardization is not a substitute for the examination
of age-specific rates, the age-adjusted rate in an index
measure, whose magnitude has no intrinsic value, that
is to be used for comparison purposes only.

e The standard population should not be considered
“abnormal” or “unnatural” relative to the populations
under study.

« Comparisons between alternative standards generally
produce insignificant differences, but if significant dif-
ferences do occur, one probably should not be using
standardization in the first place.

< When a decision is made to change standards, the
most current census population is usually selected.

Basically, there are few statistical reasons to guide the
selection of a standard population for mortality data. In
comparing several different populations, the variance of
the direct-standardized measure is minimized when a
“pooled” standard is used (46). If the interest is in
comparing trends over time, the decomposition formula of
Kitagawa seems to imply the use of the base-year popula-
tion as a standard (47). That is, if the trend between 1950
and 1990 is of interest, then the difference between the
crude rates for 1950 and 1990 can be decomposed into a
difference of age-specific rates weighted by the 1950
population (thus a difference in two standardized rates
with the 1950 population as the standard), a difference
between the populations in the two years, and a rate-
population interaction term.

In addition to the lack of a statistical reason to change
standard populations, there are many practical reasons for
official government statistics not to change the 1940 stan-
dard. The possibility of enormous resources spent to
recompute historical figures and the confusion resulting
from the publication of a set of numbers that would no
longer be comparable to figures previously published are
two reasons not to change the 1940 standard.

However, throughout the history of its use, the empha-
sis on selecting a standard population has been that the
standard should not be greatly different or “abnormal.”

With the 1940 population already 50 years out of date, the
conceptual, not statistical, issue is whether the 1940 pop-
ulation should be considered abnormal when compared
with today’s United States population, and, if so, can the
costs resulting from changing the standard population be
justified.
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Chapter 3

Inadequacies of age
adjustment as illustrated in
cancer mortality

by Katherine Gray-Donald, Ph.D.,
Department of Epidemiology and
Biostatistics, McGill University

Introduction

Over the years several different forms of age adjust-
ment have been proposed as means of summarizing age-
specific mortality rates for the purpose of comparing
differences among groups or trends over time. Summary
statistics allow comparisons among population groups or
time periods whose populations have differing age struc-
tures, but they reflect age-specific differences reliably only
if the differences are consistent across age groups. In the
case of trends over time, if the age-specific mortality
trends vary across age groups (that is, an age and calendar
time interaction exists), summary statistics may conceal
more than they reveal. Disease trends are, unfortunately,
often subject to different patterns in different age groups.
For example, this is true of cross-sectional data that are
affected by birth cohort effects (such as lung cancer) and
in the case where a period effect may decrease death rates
in some age groups but not others (such as cervical
cancer).

Each of the many summary statistics uses a different
weighting scheme to summarize the age-specific mortality
rates, and each of these different summary statistics is
affected by any change in the choice of the standard
population. This chapter concerns the weights used in
several different standardization techniques. The need for
homogeneity of age-specific mortality ratios to summarize
age-specific death rates adequately is emphasized. An
example of the different patterns of the summary statistics
obtained by using different methods is illustrated.

Notation used in this chapter

In the notation, suffixi indicates thdth age interval
(here 0-4, 5-9, ... 80-84, 85 and over). Suffindicates
thejth year, in the example 1950, 1955,. .. 1985. For each
year j, the data consist of théspecific population
deaths ¢, and death rates; r Capital letters are used to
indicate the reference values. &d 0Q are used for the
reference population and number of deaths in the refer-
ence population (in the ith age interval); Rdicates the
death rate in the standard population. The ratio of the
age-specific rate in the jth year to that in the reference
population—that is,r;/R—is termedA ; in accordance
with Liddell’s usage (1).

Methods of standardization

Direct and indirect standardization are well known, but
there are also several other methods of standardization, includ-
ing the equivalent average death rate (2) and methods by
Yerushalmy (3), Kerridge (4), and Liddell (1). These methods
were reviewed by Liddell (1) in 1960.

Each of these methods of summarization can be seen as a
weighted average of age-specific death rates. The similarity of
the direct and indirect methods has been pointed out by
Rothman (5). The weights for the age-specific death rates for
direct and indirect standardization are in fact the distribution
of the standard and specific-year populations, respectively (5).
As a result, the direct and indirect methods show extremely
similar trends in most instances. The equivalent average
method, in contrast, weights death rates in each age group
equally (2).

Conceptually one can think of standardization techniques
as yielding a weighted average of either absolute death rates in
each age group or as a weighted average of the ratios of
age-specific death rates in a specific year to those of a standard
population. The latter are termed mortality ratios,

(A =ri/R). Age-specific mortality ratios are useful, as they
compare each age-specific death rate in the specific population
with the corresponding rate in the standard year to show the
relative changes over time in each age group.

The weights that are applied to the age-specific mortality
ratios can be obtained directly from the usual formula for the
adjustment of age-specific death rates (1,6). For example, the
comparative mortality figure (CMF), obtained from direct
standardization, can be expressed as either a weighted average
of age-specific mortality rates or age-specific mortality ratios
(Ay).

J Equations used to obtain selected statistics are shown
below.

Directly standardized death raje r;; P,
2i P 1)

)

Comparative mortality figuré{zi i Pi/Z Di  2ir P
5P 13P 3D
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ratios in a particular year differ by age, the choice of
Substituting A = r;; / R method of standardization will affect the resulting sum-
mary statistic.
i P A R P 2i N D 3)
5. D, > D, > D, Cancer mortality trend for U.S. white males

The directly standardized death rate (equation (1)), is a  As an example of the striking differences obtained by
weighted average of age-specific death rates, and the weightglifferent methods of standardization, all cancer deaths of
are proportional to the population distribution. The CMF is White males in the United States for the period 1950-85
this rate divided by the crude death rate in the standardhave been analyzed using the CMF (directly standardized
population to form a ratio of rates. The CMF is also a rate) and the Liddell method. Five-year age groups were
weighted average of age-specific mortality ratiag) (where ~ used, and death rates for every fifth year were used to
the weights are deaths in the standard population, as seen irrive at summary statistics for these years (figure 1). The
equation (3). In a similar manner, one can calculate the Standard used was a composite of the eight 5-year inter-
weights used to average age-specific mortality ratios by thevals during the period 1950-85. The trends are strikingly
indirect method and by the Kerridge and person-weighted different. The CMF shows a steady increase up to 1980,
ratio (PWR) method presented by Liddell (1). whereas the PWR by Liddell shows a decline. The age-

In the case of the indirect method, the age-specific specific death rates for 1950 and 1985 are shown by
mortality ratios are weighted by the deaths expected in the 10-year age groups in table 1. The changes in these death
specific population. In the case of the methods of Kerridge andrates over time are provided in the two right-hand col-
Liddell, the mortality ratios are weighted by the population umns. Both the absolute and relative change from the
distribution of the specific and standard populations, respec-beginning to end of the time period are shown. Cancer
tively (1). mortality rates have decreased among those under 50 and

Ideally, if we standardize only age-specific mortality increased for persons above this age. Thus the age-specific
ratios that are consistent over the age groups for any one yearinortality ratios are not homogeneous across age groups,
the method of weighting of these ratios is not of major and any summary statistic will be a reflection of the
consequence. (The ratios in any one year are all similar andparticular weighting scheme used. For direct standardiza-
any summary statistic will sufice.) If mortality tion, because the mortality ratiod;) are weighted by

1.2 p=

Adjusted rate ratio

07 1 1 1 1 i | 1 1
1950 1855 1960 1965 1970 1975 1980 1985
Year

NOTE: CMF s the comperative martality figure for direct standardization; PWR is the person.weighted ratio for the Liddel method of standardization.
SOURCE: Uiddeti FOK The ot ticnal y. BrJ Ind Med 7:228-33, 1980,

Figure 1. Age-adjusted ratios of cancer mortality for white males: United States, 1950-88
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Table 1. Death rates for all cancers in white males, by age: United States, 1950 and 1985

Absolute change Relative change

1950 1985 column (2) minus column (2) divided by
Age 1) 2) column (1) column (1)
Rate per 100,000 persons
Under10years. . . .............. 11.64 4.67 -6.97 .40
10-19years. . . ............. ... 8.66 5.00 -3.66 .57
20-29years. . ... 13.47 9.15 -4.32 .68
30-39years. . ... 28.59 22.19 —6.40 .78
40-49years. . . ... 87.79 80.99 —6.80 .92
50-59vyears. ... ............... 269.69 309.62 +39.93 1.15
60-69years. . ................. 593.36 758.96 +165.60 1.28
T0-79years. . ... ... 1,064.04 1,445.88 +381.84 1.36
80yearsandover. .............. 1,598.25 2,259.62 +661.37 1.41

deaths in the standard population, the summary measure
will reflect the pattern at the ages where the highest
proportion of deaths occur. In contrast, the Liddell method
weights the death ratios by the population distribution of
the standard, and hence reflects the changes in death rates
in the largest population groups. Clearly in this example
the message concerning the trend depends on the choice
of method of standardization. Other examples of such
varied mortality ratios are not difficult to find (6,7).

Aside from the method of standardization, the choice
of standard population also may affect the comparison of
summary indicators from year to year. The weights for the
age-specific mortality ratios for both the direct method
and Liddell method using two different standard popula-
tions for 1950 and 1985 are shown in table 2. For the
direct method the weights are the number of deaths in
each age group attributed to cancer in U.S. white males,
and for the Liddell method the weights are the population
distribution for U.S. white males. Using the direct method,
37 percent of the weight for the age-specific mortality
ratios was given to those 70 years of age and over in 1950,
whereas 50 percent of the weight was attributed to this
age group in 1985. Using the Liddell method, the weights
attributed to those 70 years of age and over for these two
years were only 4.5 percent and 6.5 percent, respectively.

Although the weights are different as a result of a change
in the standard year, this difference is small compared
with the difference resulting from the choice of the method
of standardization.

The mortality ratios are weighted by deaths in direct
standardization. Thus, where mortality ratios are not ho-
mogeneous, the summary statistic will reflect the mortality
ratios in the age groups with the largest number of deaths.
In the case of white male cancer mortality, the proportion
of deaths in the oldest age groups continues to increase
over time. Therefore, the use of a recent year as the
standard (for instance, 1985) leads to an even greater
emphasis on the trend in death rates among the elderly.

Conclusion

When age-specific death ratios are heterogeneous, the
use of any summary statistic is not appropriate. In such
cases, the choice of method of standardization, and to a
lesser extent the choice of standard used, inevitably affects
the pattern of the summary statistic. If mortality patterns
vary by age, a closer examination of age-specific rates in
both birth cohort and cross-sectional analyses can reveal
far more pertinent and useful information.

Table 2. Percent distribution of relative weights used for comparative mortality figure and Liddell methods of age adjustment: United

States, 1950 and 1985

Proportion of deaths (all cancers)

Proportion of population (white U.S. males)

Age 1950 1985 1950 1985
Allages . .................... 100.00 100.00 100.00 100.00
Under10years. . . ... ........... 1.60 0.31 19.98 14.63
10-19years. . . ..o 0.87 0.34 14.66 15.00
20-29years. . . ... ... 1.44 0.76 15.47 18.25
30-39years. . ... 2.92 1.64 14.89 16.41
40-49years. . . ... 7.72 4.08 12.82 11.08
50-59years. . . ........ ... 19.22 14.03 10.38 9.06
60-69years. . ................. 29.67 29.30 7.28 8.49
T70-79years. . . ... 25.68 32.06 3.51 4.77
80yearsandover............... 10.88 18.12 0.99 1.76
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Advantages and disadvantages of age
adjustment



Chapter 4
The use of multiple
standards

by Joel C. Kleinman, Ph.D.,
Division of Analysis, National Center for
Health Statistics

Age-adjusted death rates have been used extensively
in mortality analyses for more than a century. Because the
crude death rate is heavily influenced by the age compo-
sition of the population, it is not a useful measure for
monitoring changes in mortality. For example, if there had
been no changes in the age-specific death rates between
1980 and 1988, the aging of the population would have
produced an 8 percent increase in the crude death rate.
In fact, between 1980 and 1988 there was a 0.4 percent
increase in the crude death rate even though every age-
specific death rate declined.

To avoid the problems associated with crude death
rates, age-adjusted death rates are often used to summa-
rize mortality trends. However, as with any summary
measure, essential details are often lost. In this presenta-
tion | will cover the main advantages and disadvantages of
age adjustment, especially as they relate to the choice of
the standard population. | will concentrate on the direct
method of adjustment and the assessment of trends,
although many of the points are relevant to indirect
adjustment and the comparison of subpopulations or geo-
graphic areas.

The major advantage of age-adjusted rates is their
simplicity as a summary measure of the set of age-specific
rates. (In this presentation | will assume that the age-
specific rates are expressed in the standard 11 age groups:
under 1 year, 1-4 years, 5-14 years, 75-84 years, and
85 years and over.) When all the age-specific rates move in
the same direction at the same relative magnitude, the
age-adjusted rate is a valid summary measure in the sense
that it will reflect that trend accurately—no matter what
standard population is chosen.

Another advantage of the age-adjusted rate is that it
has a smaller relative standard error than any of the
age-specific rates; this is an important advantage when
comparing subpopulations or geographic areas.

The disadvantages of age adjustment occur primarily
when the age-specific rates move in different directions or
at different relative magnitudes. When this occurs, the
trend in the age-adjusted rate will reflect some sort of
weighted average of the age-specific trends, where the
weights depend upon the standard population chosen. In
order to illustrate this problem, let us consider U.S.
standard populations for three different years, 1940, 1980,
and the projected population in 2050. Figure 1 shows that
the population over 65 years accounted for about 5 percent
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Figure 1. Age distribution of United States population: United
States, 1940, 1980, and 2050

of the total in 1940, 11 percent in 1980, and nearly
25 percent in 2050. Therefore, the 2050 standard will give
the greatest weight to mortality changes among the elderly
while the 1940 standard will give the least.

To illustrate the sensitivity of the adjusted rate to
changes in age-specific rates, | started with the 1980 all
causes death rate and tried four simple scenarios. Each
scenario doubled the age-specific death rate for a portion
of the age range while keeping the remaining rates con-
stant. Figure 2 shows that for any standard population,
doubling the rates at the older ages has a much larger
effect on the age-adjusted rates than doubling at the
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Figure 2. Increases in age-adjusted death rate after doubling
age-specific death rates in selected age groups: United States,
1940, 1980, and 2050

younger ages. However, as the standard population be-
comes older this effect is magnified. If middle-aged (45—-64
years) death rates are doubled, the 1940 adjusted rate
would increase by 31 percent but the 2050 adjusted rate
would increase by only 12 percent. On the other hand, if

elderly (65 years and over) death rates are doubled, the
1940 adjusted rate would increase by 52 percent com-
pared with an 84 percent increase for the 2050 adjusted
rate. Thus, changes in mortality among the elderly have
the largest impact on age-adjusted rates, even when using
the standard population that gives least weight to the

elderly (1940). This is due to the relatively large magni-

tude of the death rates among the elderly compared with

those at younger ages.

One method for avoiding this emphasis on mortality
among the elderly is the use of Years of Potential Life
Lost (YPLL). YPLL weights each death according to the
number of years of life lost to age 65. Death rates for the
elderly are not used so that the YPLL rate summarizes
mortality among those under 65 years of age. YPLL rates
can be age adjusted in the usual way, which also requires
the choice of a standard population. Let us consider the
1980 and 1988 age-specific death rates for the United
States.

Figure 3 shows that there have been substantial re-
ductions in most age groups. Yet the reduction in age-
adjusted rates or YPLL differs considerably (figure 4).
The reduction ranged from 5.5 percent for the age-
adjusted rate using the 2050 standard to 12.4 percent for
YPLL using the 1940 standard. Note that there is very
little difference among the YPLL rates, including the
crude. However, the age-adjusted rates differed much
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more and the crude death rate even showed a 0.4 percent
increase.

The situation is even more complex when trends run
in different directions as they do for cancer mortality.
Figure 5 shows that cancer death rates have declined for
those below 55 years of age while they have increased for
those over 55 years of age. Figure 6 shows the resulting
age-adjusted trends. The YPLL rates declined for all three
standards chosen but among the age-adjusted death rates
only the 1940 standard population shows a hint of a
decrease.

Another difficulty with age-adjusted death rates is that
the magnitude of the rates is totally arbitrary and depends
upon the standard chosen. This can lead to confusion
when comparing rates for different causes of death. For
example, figure 7 shows the age-adjusted death rates
using the 1940 standard for heart disease, cancer, stroke,
and lung cancer. One might mistakenly conclude that lung
cancer became a “more important” cause of death than
stroke because of the crossover in 1982. Yet this is entirely
a function of the standard population chosen. Figure 8
shows the same trends based on crude rates. Note that
there were still more stroke deaths than lung cancer
deaths in 1988, and that the gap between heart disease
and cancer was substantially greater than was suggested by
the age-adjusted rates. Because crude rates reflect the
aging of the population as well as mortality trends, the
declines in heart disease and stroke mortality are much
less marked, and the increases in cancer much greater
than was evident with the age-adjusted rates. Figure 9
shows the same trends using the 2050 population as the
standard (the scale has been multiplied by 2.5 because of
the greater magnitude of these rates; the relative scale is
comparable to the previous figures). With this age distri-
bution, stroke mortality appeared to be higher than cancer
(and lung cancer) mortality until 1970 and considerably
higher than lung cancer mortality in 1988. The trends in
stroke mortality using the 2050 standard do not begin to
decline until after 1960, compared with a noticeable de-
cline between 1950 and 1960 when using the 1940 standard.

A reasonable compromise to the difficulties of using a
single age-adjusted rate is to present more than one rate,
but fewer than 11 age-specific rates. For example, one can
compare trends in mortality for young people (under 25
years), middle-aged (2564 years), and older persons (65
years and over). Figure 10 shows trends in age-adjusted
rates for these three categories using both the 1940 and
2050 standard populations. Over these narrower age bands,
the choice of standard population becomes much less
critical. For the youngest age groups, the two standards
are indistinguishable. The largest difference in magnitude
occurs among the elderly but even here the trends are
quite similar. Figure 11 shows the three sets of rates for
cancer mortality. Both the magnitude of the rates and the
trends are quite similar, regardless of which standard is
used.

In summary, the choice of standard populations de-
pends upon the purposes for which the age-adjusted rate



is being used. Since the choice of standards is arbitrary,
there is nothing inherently wrong or misleading about the

1940 standard—despite its being 50 years old. In fact, the
large difference between the crude rates and the age-
adjusted rates based on the 1940 standard is probably
beneficial because it is less likely to lead to confusion than
a more recent standard. The presentation of several age-
adjusted rates based on different standard populations

could lead to confusion and erroneous comparisons. A
reasonable compromise is to present tables of age-
adjusted rates for three broad age groups (under 25 years,
25-64 years, and 65 years and over). The choice of
standard population for these rates is less critical since
both the trends and magnitudes will be similar over a wide
range of standards.
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Figure 3. Percent decrease in age-specific death rates: United States, 198088
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Chapter 5

Choosing a standard
population: Some statistical
considerations

by Harry M. Rosenberg, Lester R. Curtin,
Ph.D., Jeffrey Maurer, and Katherine Offutt,
Division of Vital Statistics, National Center for
Health Statistics

Introduction

The issue of alternative standard populations for age
adjusting death rates surfaces into open debate from time
to time. This may even have been an issue in the 19th
century, when age-adjusted death rates were first regularly
published in the English official reports of vital statistics.
It certainly was in the 1930’s when G. Udny Yule pre-
sented a paper on standardization at the meeting of the
Royal Statistical Society (1) and, again, in the early 1940’s
when Linder and Grove prepared their classic compilation
of historic vital statistics rates (2).

In discussions of which population standards to use
for England, it was argued that the 1901 population of
England would give too much weight to the younger
population, which at the time was experiencing rapid
reductions in mortality. In current discussions, it is often
argued that the 1940 population also gives too much
weight to the younger population in comparison with the
1990 population that is more heavily weighted by the
elderly. In her review of the early history of age adjust-
ment, Klebba notes that the 1901 population of England
and Wales was initially adopted as a standard by the U.S.
Bureau of the Census (3). But the 1940 population was
selected as the standard by Linder and Grove for vital
statistics, and it has remained the standard for almost 50
years in presenting mortality data by the National Center
for Health Statistics (NCHS), its predecessor agencies,
and by the States.

Use of the 1940 standard by NCHS has not gone
without challenge in recent years. The issue was raised in
the media in 1979 when Harry Schwartz of the Columbia
University College of Physicians and Surgeons wrote in
the Wall Street Journal(4) that the increase in cancer
mortality between 1968 and 1978 was due in large measure
to the aging of the U.S. population rather than to in-
creases in age-specific mortality risk. In challenging
Schwartz’s conclusions, Samuel Epstein of the University
of lllinois School of Public Health wrote that had the 1970
population instead of the 1940 population been used as a
standard population, the change in mortality during the
period would have been 5.5 percent rather than 2.5 percent
(5).

The issue of which population standard to use for
age-adjusting death rates has been raised in recent years
within the Federal Government. A recent instance resulted

from the use of a standard population other than 1940 in a
series of articles on chronic diseases that appeared in the
Morbidity and Mortality Weekly Reporg widely read pub-
lication of the Centers for Disease Control (CDC). Rates
presented in the articles for selected chronic diseases by
State differed from rates prepared by NCHS and by the
States, which were based on the 1940 standard. The issue
was also raised in designing CDC'’s “State Profiles,” which
present a number of health indicators for individual States.

Again, the issue was addressed in developing the
statistical methodology for the Nation’s health objectives
for the year 2000 (6). It was recognized that the method-
ology for the Year 2000 Health Objectives would have
broad implications for the statistical measures used at
both the National and State level for many years; the 1940
standard was selected.

In the future, which standard to use will no doubt be
raised time and time again in not only a national but also
an international context, as efforts are made to promote
international comparability in health statistics methodol-
ogy, following the model of international comparability in
cause-of-death classification through the International Clas-
sification of Diseases of the World Health Organization

@).

Nonstatistical considerations

A review of the literature on age standardization
reveals the complexity of the issue of alternative stan-
dards, which involves not only statistical but also nonstatis-
tical considerations. While the present paper focuses on
statistical aspects of the issue, it may be useful to review
some nonstatistical considerations in choosing population
standards for age-adjusting death rates.

Among these are the uses to which age-standardized
measures are put, that is, whether principally for in-depth
epidemiological research, or whether, instead, for routine
presentation of data. In the former case, there are oppor-
tunities for augmenting summary measures such as age-
adjusted death rates, where necessary, with more in-depth
analyses of age-specific rates, and even introducing con-
trols for demographic characteristics such as race, sex, and
geographic area. In-depth research provides unique oppor-
tunities for exploring alternatives and for examining fac-
tors contributing to change over time and to demographic
differentials in mortality. In contrast, in routine data
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production and dissemination, the requirements of conti-
nuity and uniformity are powerful and, indeed, may be of
the overriding considerations in the selection of popula-
tion standards for age adjustment.

Policy considerations can play a role in the type of
statistical index chosen for data presentation. For exam-
ple, a public health program whose focus is youth may be
inclined to select measures that give greater emphasis or
statistical weight to the younger population than a pro-
gram whose target is the adult or elderly population. An
example of a standardized index that emphasizes youth is
the “Years of Potential Life Lost” (YPLL), a measure
widely favored in injury prevention programs. This is a
measure in which age-specific mortality is weighted by a
factor representing the difference between an arbitrary
end point age, usually 65 or 70 years, and the midpoint of
a population group. Under such a scheme, the age group
20, for example, has a weight of 50—the difference be-
tween 70 years and 20 years—while the age group 50
would get a weight of only 20—the difference between 70
years and 50 years. The ratio of these weights is 50 to 20,
or 2.5 as compared with a ratio of 1.5 when the weights of
the standard 1940 population are used. The YPLL is
widely used in injury research, whose program targets tend
to be the younger population.

Another nonstatistical consideration in selecting a
standard population is purely administrative, such as the
initiation of a new public health program. Thus, the
selection of the 1970 population standard for cancer data
is roughly coincident with the beginnings of the cancer
tumor registry program of the National Cancer Institute.
The 1970 population also coincidentally gives greater
weight to the older population than the 1940 standard,
with the statistical result, shown below, that the age-
adjusted death rate for all cancers combined shows a later
inflection point signaling the beginning of a downward
trend than when the 1940 standard is used.

Once a population standard becomes identified with a
particular series of statistical data as, say, in the case of
cancer data, widely used and accepted, the standard
assumes a kind of “verity” and historic momentum as is
the case with the 1940 population as the standard for
mortality data in the United States and the 1901 popula-
tion used for England and Wales.

An important nonstatistical consideration is ease of
use and interpretation, particularly by the public and lay
users. Thus, a single standard is less likely to confuse than
multiple standards, and the retention of a standard is less
likely to confuse than changing standards. Changing stan-
dards, moreover, means that statistical results prepared
under one regimen may not be comparable with those
prepared under a different set of population standards,
giving possible rise to confusion. While Johansen has
argued that the statistical discontinuities associated with
revisions in cause-of-death classification are already part
of the accepted statistical apparatus in mortality presenta-
tion (8), the problems created by these revisions—techni-
cal, administrative, and interpretive—should not be
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minimized. It is not clear, moreover, that the issue of

age-standardization is comparable to that of cause-of-
death classification which must capture as accurately as
possible medical terminology that is rapidly evolving as a
result of changes in medical technology, medical knowl-
edge, and medical practice.

If multiple standards were used to avoid the problem
of discontinuing a time series but yet initiating a new one,
the multiple standards would also have the potential of
confusion in both the presentation and interpretation of
data. Data users find consistency and simplicity of presen-
tation appealing and intelligible. Multiple choices, as in
population projections prepared by the U.S. Bureau of the
Census (for example, high, medium, and low series) can
put an unnecessary burden on the data user, while a
change in statistical practice and standards—without a
compelling justification—may raise questions in the minds
of the public as to whether the change is motivated by
other than technical considerations.

Statistical considerations

The purpose of this paper is to provide some statisti-
cal perspective on the question of alternative population
standards. As such, the paper approaches the problem in
much the same way as a number of earlier papers, such as
Spiegelman and Marks (9), Curtin, Maurer, and Rosen-
berg (10), Metropolitan Life Insurance Company (11),
and most recently Johansen (8). All these papers have in
common the empirical exercise of comparing age-adjusted
death rates using alternative population standards. They
differ mainly in the types of standards used and in the
cause-of-death categories and demographic groups to which
the alternative standards are applied.

The nature of age-adjusted death rates

As an introduction to the empirical comparisons, it
may be helpful to review the meaning of an age-adjusted
death rate. It is a weighted average death rate, where the
weights W of the corresponding age-specific death rates r
range from 0.0 to 1.0. The crude death rate, under this
conceptualization, is an average rate whose population
weights are those representing the current population.
Clearly, a variety of weights can be used, including the
1940 standard that is now widely used by NCHS and the
States in their vital statistics programs, or the 1970 stan-
dard used in much cancer research, or the YPLL weights,
or the 1980 population used by parts of CDC other than
NCHS.

Once the population weights have been selected, they
are multiplied by the age-specific rates under consider-
ation and the results summed to achieve a weighted
average. In this paper, the age-adjusted death rate for the
first population group iR, and for the second group it is
R,.

The characteristic that distinguishes one group from
another may be cause of death, that is, the rate for cancer



as compared with the rate for heart disease; or it may be
race, that is, white persons as compared with black per-
sons; or it may be sex, males as compared with females; or
it may be time, that is, 1980 as compared with 1988. And,
finally, the comparison may represent any combination of
characteristics, such as the cancer death rate for females
in 1980 as compared with their rate in 1988.

The comparison of two age-standardized ré&gsnd
R, using the same standard population as a percent
change

R,-R, x100

Ry

or as ratioR, to R; would be a measure of the comparison
of the entire set of age-specific rates for the two popula-
tion groups. Under ideal circumstances, the percent change
or ratio for R, and R, should reflect exactly the same
percent change or ratio for every age group.

Graphically, as shown in panel A of figure 1, this is
presented by parallelism in the two lines. In practice,
however, age-specific ratios in the death rates of two
population groups are rarely the same. They differ from
one age group to the next, sometimes extremely, such that
the rate for one population group may be higher for one
age group but lower for the adjacent age group, or there

may be other more general patterns such as those illus-
trated in panels B and C. In panel B, the general pattern is
one in which the age-specific death rates tend to “converge”
with increasing age. This is a widely observed general
pattern for many causes of death; also shown is a less
common diverging pattern of age-specific rates. In panel
C, the age-specific rates are depicted in a pattern of
“crossover,” where the relationship of the rates, age by
age, crosses over from higher to lower as has been ob-
served in age-specific comparisons between the white and
black population groups. Under the circumstances of
convergence and crossover, comparisons based on a single
average measure such as the age-adjusted death rate, may
not represent well the complex pattern of age-specific
variation, although they do show the “average” ratio
between the two groups.

As comparisons depart increasingly from parallelism,
the less appropriate it is to use age-adjusted death rates
for making comparisons; and the comparisons of age-
adjusted death rates become highly dependent upon the
particular standard selected. Thus, if the comparisons are
about the same for each age group, it does not make much
difference if the standard is 1940 or 1990. But if the
age-specific ratios are not uniform, the choice of standards
is likely to make a difference.

Same rate of change
all age groups

Panel A

Age
Disminishing rate of

change with increasing
age without cross-over

Panel B

Death rate

Age

Disminishing rate of
change with increasing
age with cross-over

Pane! C

Age

Increasing rate of
with increasing age
without cross-over

Age

Increasing rate of
change with increasing
age with cross-over

Figure 1. Comparison of hypothetical age-specific death rates for two population groups

31



Methods

Nature and sources of data

To illustrate the sensitivity of age-adjusted death rates
to alternative population distributions, several causes of
death were selected with contrasting age structures of
mortality. These causes were as follows: (1.) All causes of
death combined. (2.) Malignant neoplasms, including neo-
plasms of lymphatic and hematopoietic tissues, ICD-9
Nos. 140-208, hereinafter referred to as “all cancers.” (3.)
Malignant neoplasms of respiratory and intrathoracic or-
gans, ICD-9 Nos. 160-165, referred to as “respiratory

OO All causes —-— Cerebrovascular

. diseases
gﬂig"a"t neoplasms,  __ Malignant neoplasms,
respiratory
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Figure 2. Death rates by age for selected causes of death: United
States, 1988
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cancer”; Cerebrovascular diseases, ICD-9 Nos. 430-438,
referred to as “stroke; and Homicide and legal interven-
tion, ICD-9 Nos. E960-E978, referred to as “homicide.”

For each of these causes of death, age-specific death
rates were estimated separately for the white and black
population and for males and females for each of the years
1968, 1980, and 1988. Age-adjusted death rates were
calculated for each of these groups using two alternative
standard populations, that of 1940—the standard cur-
rently used in mortality time series of NCHS—and that for
1988, referred to, for convenience, as the standard for
1990, which it closely approximates. For each of these
groups, percent changes in mortality were calculated for
the periods 1980-88 and 1968-88. For the latter period,
the classification of the selected causes of death were
sufficiently comparable between the Eighth and Ninth
Revisions of the International Classification of Diseases to
calculate percent change without adjustment for compara-
bility. Mortality sex ratios and mortality race ratios were
also calculated.

These rates, ratios, and percent changes are shown in
detail in tables 1-5. In addition, for each of the cause-sex
or cause-race groups, estimates were made of standard
errors and relatively standard errors for the alternative
age-adjusted death rates. These are shown in detail in
tables 6-10.

To simplify the presentation in this paper, patterns of
mortality for the total population are approximated by
using the white population, whose deaths in 1988 ac-
counted for 87 percent of all deaths.

Age patterns of mortality

The diversity of the age patterns of mortality for the
selected causes of death is illustrated in figure 2, using
death rates for 1988, which are similar to those of other
years. For all causes of death combined, the age schedule
of mortality shows the well-known “J-shaped” pattern
with slightly elevated rates for infants, the lowest rates at
ages 5-14 years and gradual increases beyond that age
group. Indeed, this general pattern is characteristic of
most “natural” causes of death, in contrast to those causes
by external trauma—such as accidents, homicides, and
suicides whose age pattern of mortality reflects predomi-
nantly social and behavioral factors rather than biological
factors related to aging.

The pattern for all causes is heavily influenced by, and
indeed reflects, the pattern for heart disease, which in
1988 accounted for about one-third of all deaths. For all
cancers and cancers of the respiratory system, the pattern
of age-specific mortality follows this general pattern, al-
though with later onset and somewhat attenuated increase
with increasing age. The pattern for stroke is similar but
with a higher proportion of deaths at advanced ages.

In contrast to the characteristic increasing death rates
with increasing age for the natural causes, the age pattern
of mortality for homicide is essentially flat; that is, rates
are relatively uniform throughout the age distribution,
although with somewhat higher rates for young adults.



Not only do causes of death have somewhat different
patterns of age-specific mortality for 1988, they also show
different age-specific patterns of change over time, illus-
trated by percent change during 1968-88. For all causes of
death combined, the greatest reductions in mortality were
all cancers and respiratory cancer, there were decreases
for age groups under 55-64 and 45-54 years, respectively,
and increases thereafter, examples of the “crossover” that
make age-adjusted death rates for all cancers and respira-
tory cancer especially sensitive to alternative standard
populations.

The age pattern of mortality change for stroke differs
from the other causes in having relatively uniform reduc-
tions in mortality at each age. This pattern should result in
little difference in change based on either of the alterna-
tive population standards. For homicides, the pattern of
change is a mirror image to that for all causes, that is, the
greatest increases at the younger age with generally smaller
increases at the older ages.

Age distribution of standard populations

The alternative populations used as standards have
somewhat different age structures, as illustrated in figure 3.
The 1940 population is “younger,” that is, it has a greater
proportion of the population concentrated at younger
ages. This reflects both the effects of higher fertility, which
tend to spread out the population base, as well as the
higher mortality at almost every age than the 1990

B 1940 MM 19088
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| | ] ]
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Figure 3. Comparison of age distributions of the 1940 and 1988
populations of the United States, expressed as percents

population standard. In contrast, the 1990 population is
“older,” and appears to be moving toward the European
model of population structure with an ever-increasing
proportion of the population at the older ages.

The alternative structure of the two standard popula-
tions can be expected to have consequences for the
age-adjusted death rates in which the population at each
age group serves as a weight. Accordingly, the 1940
population weights give relatively greater emphasis to the
younger population and to the causes of death that are
more closely associated with the younger population,
namely, the external causes of death; while the 1990
standard will give greater emphasis to the natural causes,
for which the highest rates are at the advanced ages.

Results

Causes of death

The effect of alternative population standards on
death rates for selected causes is shown in table A. The
top two panels show, respectively, absolute and relative
levels of mortality in 1988 under the assumptions of either
a 1940 or a 1990 standard population, while the lowest
panel shows the effect of alternative standards on changes
in mortality for the selected causes during 1968-88.

In terms of comparisons between causes of death, use
of the 1990 standard tends to increase the absolute level of
mortality for the natural causes (deaths from diseases
rather than from trauma) and all causes of death com-
bined, since the 1990 standard gives more weight to rates
in the older age categories. As a result, the age-adjusted
death rates based on the 1990 population more closely
resemble the unadjusted death rates for these causes of
death. The greatest differences in magnitude are for those
causes with the greatest concentration of mortality at the
older ages such as stroke, whose age-adjusted death rate
more than doubled when the 1990 standard is used as
compared with the 1940 standard. Age-adjusted death
rates for the other natural causes are from 40 to 70 per-
cent higher using the 1990 standard. In contrast, the
age-adjusted death rate for homicide, whose rates are
relatively evenly distributed throughout the age range, is
about the same under the two standards.

While the absolute levels of mortality tend to be
affected by the choice of standards, the relative dispersion
of the rates, shown in the first panel (columns 3 and 4), is
not highly affected. For example, cancer risk is about
one-quarter that of all causes of death combined under
either assumption. More generally, comparisons of risk
among the causes seem to be only marginally affected by
the choice of population standards.

The middle panel shows changes in age-adjusted death
rates during 1968-88, based on the alternative population
standards. For both the white and black populations, there
are differences in the magnitude of change when different
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Table A. Comparison of age-adjusted death rates based on the standard populations of 1940 and 1990, for selected causes of death:
United States, 1988; and expressed as ratio to All causes of death combined; and comparison of percent change in rates, by race and

sex, 1968-88
Age-adjusted death rate
(rate per 100,000 population) Ratio of rates (All causes=1.00)
1940 1990 1940 1990
Cause of death 1) 2) 3) 4)
Allcauses . . . . ... . 509.8 841.6 1.00 1.00
Malignant neoplasms, total. . . . . ........ 130.0 1914 0.26 0.27
Malignant neoplasms, respiratory. . . . . .. .. 394 55.0 0.08 0.07
Cerebrovascular diseases . . . . ......... 275 57.5 0.05 0.07
Homicide and legal intervention . . ....... 5.3 5.2 0.01 0.01
Percent change in rates, 1968-88
White Black
Allcauses . . . ....... .. ... -10.5 -7.9 -5.2 -1.7
Malignant neoplasms, total. . . . . ........ 2.4 6.0 9.8 17.9
Malignant neoplasms, respiratory. . . . ... .. 49.6 58.8 63.7 79.2
Cerebrovascular diseases . . . . ......... -58.4 -57.4 -59.0 -56.4
Homicide and legal intervention . . ....... 25.6 23.8 -19.3 -19.4
Male Female
Allcauses . . . ....... .. ... -27.8 -25.1 -7.5 -5.0
Malignant neoplasms, total. . . . . ........ 4.5 9.6 2.2 6.0
Malignant neoplasms, respiratory. . . . . .. .. 24.6 351 175.7 190.7
Cerebrovascular diseases . . . . ......... -58.4 -58.1 -57.8 -56.6
Homicide and legal intervention . . ....... 60.5 +60.6 2.3 3.1

standards are used but not in direction. Under the 1990
standard, decreases in mortality by cause of death are
reduced in size while increases tend to be amplified,
except for homicide which remains about the same.

The largest differences in percent change between the
two standards are for white mortality from all causes of
death combined, from a decrease of 10.5 to one of
7.9 percent; and for all cancers, an increase from 2.4 to
6.0 percent. While the absolute magnitudes of rates are
different for the black population, the effect of the alter-
native standards is proportionately similar to that of the
white population.

The bottom panel of table A shows the effect of
alternative standards on trends for the selected causes by
sex. Again, absolute magnitudes of change differ between
the two standards, but the direction of change and the
general order of magnitude of change are the same.

Sex comparisons

Because mortality analyses often examine patterns
and trends by sex, the effect of alternative standards on

death rates of males and females was examined, as shown
in table B. The ratio of male-to-female age-adjusted death
rates in 1988 is slightly but not consistently affected by the
choice of the standard population. When the 1990 stan-
dard population is used, the resulting ratio is smaller for
all causes of death combined and for stroke; but it is larger
for all cancers and for cancer of respiratory system; and it
is relatively unchanged for homicides. However, the trend
in the ratio, which represents the convergence or diver-
gence in mortality between the sexes over time, appears to
be about the same regardless of the choice of standard.

Race comparisons

Race comparisons of mortality are of great interest
and are widely used to monitor and evaluate the health of
the minority populations. Table C compares mortality
between the two race groups in 1988 in terms of the ratio
of black to white age-adjusted death rates based on the
standard populations for 1940 and 1990. Ratios by cause
of death differ depending on which standard is used. The
1990 standard tends to reduce the race differential,

Table B. Comparison of the ratio of male to female age-adjusted death rates based on the standard populations of 1940 and 1990, for
selected causes of death: United States, 1988; and comparison of percent change in ratios, 1968-88

Ratio, 1988 (male/female)

Percent change in ratio, 1968-88

Cause of death 1940 1990 1940 1990
Allcauses . . . .................. 1.72 1.62 21.9 21.1
Malignant neoplasms, total. . . . .. ... .. 1.46 1.57 2.2 3.4
Malignant neoplasms, respiratory. . . . . . . 2.44 2.62 -54.8 -53.5
Cerebrovascular diseases . . .. ....... 1.18 111 -2.3 -3.3
Homicide and legal intervention . . ... .. 1.27 1.26 -18.1 -18.8
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Table C. Comparison of the ratio of black to white age-adjusted death rates based on the standard populations of 1940 and 1990, for
selected causes of death: United States, 1988; and comparison of percent change in ratios, 1968-88

Ratio, 1988 (black/white)

Percent change in ratio, 1968—-88

Cause of death 1940 1990 1940 1990
Allcauses . . .. ................ 1.55 1.36 5.9 6.7
Malignant neoplasms, total. . . . . ... .. 1.32 1.27 7.2 11.3
Malignant neoplasms, respiratory. . . . . . 1.26 1.21 9.4 12.9
Cerebrovascular diseases . . . . ... ... 1.87 1.50 4.0 3.9
Homicide and legal intervention . . .. .. 6.45 6.42 -35.8 -34.9

although the extent of the reduction varies by cause of
death. Thus, for all causes of death combined, the mortal-
ity race ratio using the 1990 standard is 1.36 compared
with 1.55 for the 1940 standard; for cancer, 1.27 compared
with 1.32; for respiratory cancer, 1.26 compared with 1.21;
and for stroke, 1.50 compared with 1.87. For homicide, the
ratio is virtually unchanged, 6.42 compared with 6.45.

Trends in mortality race ratios are shown in the
second panel of the table. For some of the causes of death,
the 1990 ratio increases somewhat the percent change in
the ratio. This represents a greater widening in the mortality
differential between the white and black population than
depicted when the 1940 population is used as a standard.
For stroke and homicide, the rate of change in the ratio is
about the same, regardless of which standard population is
used.

Stochastic variation

Another issue examined in comparing alternative pop-
ulation standards is statistical significance. Because the
numbers of deaths reported through the vital statistics
system are a complete count of events, they are not subject
to sampling error—although they are subject to errors in
the registration process. However, when the figures are
used for analytical purposes, such as comparison of rates
over time or among groups and geographic areas, the
number of events that actually occurred may be consid-
ered as one of a large series of events that could have
arisen under the same circumstances, as indicated by
Chiang (12). The probable range of values may be esti-
mated from the actual figures according to certain statis-
tical assumptions.

In general, distributions of vital events may be as-
sumed to follow the binomial distribution. Estimates of
standard error and tests of significance under this

assumption are described in most standard statistics texts.
When the number of events is large, the standard error

expressed as a percent of the number or rates is usually
small.

When the number of events is small (perhaps less
than 100) and the probability of such an event is small,
considerable caution must be observed in interpreting the
conditions described by the figures. This is particularly
true for infant mortality rates, cause-specific rates, and
death rates for small areas such as counties. Events of a
rare nature may be assumed to follow a Poisson probabil-
ity distribution.

For aggregate mortality indexes such as crude death
rates and age-adjusted death rates, the variances can be
thought of as a weighted average of the variances for the
individual age groups, where the weights reflect the square
of the proportion of the standard population at each age.
In general, the larger the number of deaths on which an
age-adjusted death rate is based, the smaller the variance,
and, therefore, the standard error.

To determine if the standard errors and relative
standard errors are affected by the choice of the standard
population, these statistics were estimated for the selected
causes of death by race and sex for 1988. It could be
predicted that the standard errors would increase using
the 1990 population roughly in proportion to the increases
that occur in the age-adjusted death rate. It could also be
expected that the relative standard error would change
relatively little if the change in the standard error and the
rate were about the same.

The results shown in table D are generally consistent
with expectations, that is, the standard errors for the
natural causes increased by up to 50 percent, except for
homicide, for which the standard error did not change. In

Table D. Comparison of standard error and relative standard error of the age-adjusted death rates based on the standard populations of

1940 and 1990, for selected causes of death: United States, 1988

Standard error

Relative standard error (in percent)

Cause of death 1940 1990 1940 1990
Allcauses . . . . ... 0.4 0.6 0.1 0.1
Malignant neoplasms, total. . . . . ........ 0.2 0.3 0.2 0.2
Malignant neoplasms, respiratory. . . . . .. .. 0.1 0.2 0.3 0.3
Cerebrovascular diseases . . .. ......... 0.1 0.2 0.3 0.3
Homicide and legal intervention . . ....... 0.1 0.1 1.0 1.0
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Table E. Comparison of standard error and relative standard error of the age-adjusted death rates based on standard populations of

1940 and 1990, for different sample sizes: United States, 1988

Standard error Relative standard error (percent)

Number of
Size of sample deaths 1940 1990 1940 1990
100 percent. . ... ............ 1,876,979 0.4 0.6 0.1 0.1
10percent. . .. .............. 187,697 1.3 1.9 0.3 0.2
lpercent . ................. 18,770 4.1 6.0 0.8 0.7

contrast, the relative standard errors for all the causes of
death were similar for both the 1990 and the 1940 standard
populations.

Also examined was the effect of reducing the number
of observations on the variance under alternative assump-
tions of the standard population. For each of the causes of
death, the number of deaths and population were reduced
successively to 10 percent, then 1 percent of their observed
size to assess the effect on the respective variances. The
results of this exercise are shown in table E for all causes
of death combined, results that are essentially the same
for the other causes of death.

With successive reductions in the size of the sample,
the standard error increased as did the relative standard
error; the reduction in the sample to 1 percent of the
original size resulted in tenfold increases in standard
errors and relative standard errors. The increases were the
same in the standard errors and relative standard errors as
sample size was reduced for the two population standards.

Discussion

This paper has examined the effect of using alterna-
tive population standards on age-adjusted death rates
using methods similar to those of earlier studies by Spiegel-
man and Marks; Curtin, Maurer, and Rosenberg; Metro-
politan Life Insurance Company; Johansen; and others.
The results of this study are generally consistent with
those of the previous studies, while use of the more recent
(1990) standard greatly affects the absolute levels of mor-
tality, bringing them into close alignment with the ob-
served unadjusted death rates for the current period.
Their effect on relative levels and on trends are far less
marked, with a few exceptions, similar to those noted in
previous studies.

Mortality sex ratios are somewhat affected by the use
of the more recent population standard but trends in these
ratios are not. Mortality race ratios are affected, as are
trends in the ratios for a number of the selected causes of
death, a finding that definitely needs to be considered if a
change in standards is contemplated. The impact of alter-
native standards on stochastic variation was also exam-
ined, as it was in the earlier study by Curtin (10). It was
shown that while standard errors were considerably larger
when the 1990 standard was used, relative standard errors
remained the same.

While the effect of alternative standards on geo-
graphic comparisons was not explored in the present
study, it was by Curtin and his colleagues (10). They found
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that the ranking of States in terms of their average
mortality levels tended to remain relatively stable regard-
less of whether the 1940 or the 1970 population was used
as the standard. Further, the rankings of the States in
terms of their age-adjusted death rates were highly corre-
lated with rankings based on life expectancy. In the few
instances where the State rankings changed considerably,
the age-specific mortality patterns or age structures of the
States (Alaska and Hawaii) were unusual, suggesting the
need to augment aggregate measures with more detailed
measures.

The conclusions drawn by this study are also generally
consistent with those of earlier studies, namely, that there
is no compelling statistical basis for selecting one standard
population over another. Instead, the arguments pro and
con tend to emphasize, instead, symbolic or nonstatistical
criteria. These are exemplified by the opposing views of
Johansen on the one hand and Chiazze on the other. In
arguing for a more current standard, Johansen states “we
should want to know what is happening in terms of our
current population, not what would have happened to a
population living 50 years ago” (8). Chiazze has taken an
altogether different view of using an old versus a current
standard population. He notes than an earlier standard
helps remind us that age-adjusted death rates are constructs
or indexes that are useful for comparative purposes, “but
whose absolute magnitude are not indicative of the actual
situation,” (13) and have the additional advantage of
retaining continuity with historic time series.

The arguments we hear today regarding alternative
population standards remind us of the arguments in the
1930’s over the appropriate population standard for En-
gland and Wales. The issues and the considerations have
not changed much. The complexity of the issue, the
importance of the issue for promoting uniformity and
comparability of major health indicators domestically and
internationally, and the consequences of making changes
for the production of tabular data suggest the wisdom of
proceeding on the matter in a deliberative and cautious
way, seeking consultation and consensus to either stay
with the existing standard or to embrace a new standard
when both the statistical and nonstatistical considerations
for change are sufficiently compelling.
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Table 1. Age-adjusted death rates based on the 1940 and 1990 standards and death rates by 10-year age groups for All causes, by selected characteristic

1980, and 1988

[Rates per 100,000 population]

s: United States, 1968,

Age-ajusted death rate

1940 1990 Under 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 85 years
Characteristic standard standard 1 year years years years years years years years years years and over
Race
White
1968 ... ... 569.5 913.9 1,169.2 61.2 315 111.6 114.9 206.3 559.2 1,3185 2,945.8 6,734.8 15,761.1
1980 . ... 559.4 906.3 1,099.9 57.9 29.1 112.0 118.4 197.2 531.6 1,276.7 2,921.1 6,664.9 16,220.0
1988 .. ... 509.8 841.6 832.0 45.7 23.9 95.1 116.2 188.0 438.8 1,173.0 2,667.6 6,282.9 15,875.6
Percent change:
1968-88 . . ........... (10.5) (7.9) (28.8) (25.3) (24.1) (14.8) 1.1 (8.9) (21.5) (11.0) (9.4) 6.7) 0.7
1980-88 ... .......... (8.9) (7.1) (24.4) (21.1) (17.9) (15.1) (1.9) (4.7) (17.5) (8.1) (8.7) (5.7) (2.1)
Black:
1968 ... ... 831.8 1,162.6 2,596.1 104.6 43.2 136.1 262.5 508.2 1,105.3 2,159.9 3,876.0 6,569.2 12,550.7
1980 .. ... .. 842.5 1,201.3 2,356.6 97.6 39.0 138.3 269.5 489.9 1,087.6 2,146.6 3,932.9 7,382.6 13,610.8
1988 .. ... 788.8 1,142.6 1,996.6 80.8 36.0 145.2 275.4 499.3 924.6 1,923.9 3,649.7 7,440.9 13,482.5
Percent change:
1968-88 . . ... ........ (5.2) @.7) (23.1) (22.8) (16.7) 6.7 4.9 (1.8) (16.3) (10.9) (5.8) 13.3 7.4
1980-88 . .. .......... (6.4) (4.9 (15.3) (17.2) (7.7) 5.0 2.2 1.9 (15.0) (10.4) (7.2) 0.8 (0.9)
Ratio (black/white):
1968 . ... ... 1.46 1.27 2.22 1.71 1.37 1.22 2.28 2.46 1.98 1.64 1.32 0.98 0.8
1980 . ... 1.51 1.33 2.14 1.69 1.34 1.23 2.28 2.48 2.05 1.68 1.35 111 0.8
1988 . . ... 1.55 1.36 2.40 1.77 1.51 1.53 2.37 2.66 2.11 1.64 1.37 1.18 0.8
Percent change:
1968-88 ... .......... 5.9 6.7 8.1 3.4 9.8 25.2 3.7 7.8 6.6 0.1 4.0 214 6.6
1980-88 . .. .......... 2.7 24 12.0 4.9 12.4 23.6 4.1 6.9 3.0 (2.5) 1.6 6.9 1.2
Sex

Male:
1968 ... ... .. 965.2 1,482.1 2,562.6 98.2 52.3 182.8 214.0 406.0 988.7 2,344.1 5,049.1 10,215.2 21,732.0
1980 .. ... 777.2 1,217.7 1,428.5 72.6 36.7 172.3 196.1 299.2 767.3 1,815.1 4,105.2 8,816.7 18,801.1
1988 .. ... 696.7 1,110.7 1,113.7 56.5 30.9 151.0 196.7 301.4 629.0 1,606.9 3,573.8 8,223.2 18,370.8
Percent change:
1968-88 . .. .......... (27.8) (25.1) (56.5) (42.5) (40.9) (17.4) (8.1) (25.8) (36.4) (31.4) (29.2) (19.5) (15.5)
1980-88 . .. .......... (10.4) (8.8) (22.0) (22.2) (15.8) (12.4) 0.3 0.7 (18.0) (11.5) (12.9) (6.7) (2.3)
Female:
1968 . ..o 437.4 723.3 1,222.7 58.8 25.6 59.6 775 168.6 431.7 948.2 2,125.3 5,444.1 14,245.0
1980 .. ... 432.6 723.7 1,141.7 54.7 24.2 57.5 75.9 159.3 412.9 934.3 2,144.7 5,440.1 14,746.9
1988 ... ... 404.4 687.2 897.7 45.0 20.4 52.1 74.0 140.0 350.9 904.7 2,056.1 5,173.3 14,508.1
Percent change:
1968-88 . . ........... (7.5) (5.0) (26.6) (23.5) (20.3) (12.6) (4.5) (17.0) (18.7) (4.6) 3.3) (5.0) 1.8
1980-88 . .. .......... (6.5) (5.1) (21.4) 17.7) (15.7) (9.4) (2.5) (12.1) (15.0) (3.2) (4.1) (4.9) (1.6)
Ratio (male/female):
1968 . ... ... L. 2.21 2.05 2.10 1.67 2.04 3.07 2.76 241 2.29 2.47 2.38 1.88 1.53
1980 .. ... 1.80 1.68 1.25 1.33 1.52 3.00 2.58 1.88 1.86 1.94 191 1.62 1.27
1988 . ... .. 1.72 1.62 1.24 1.26 1.51 2.90 2.66 2.15 1.79 1.78 1.74 1.59 1.27
Percent change:
196888 . . ........... (21.9) (21.1) (40.8) (24.8) (25.9) (5.5) (3.7) (10.6) (21.7) (28.2) (26.8) (15.3) (17.0)
1980-88 . .. .......... (4.1) (3.9 (0.8) (5.4) (0.1) (3.3) 29 14.6 (3.5) (8.6) 9.2) (1.9) 0.7)
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Table 2. Age-adjusted death rates based on the 1940 and 1990 standards and death rates by 10-year age groups for Cancer, by selected characteristics: U

and 1988
[Rates per 100,000 population]

nited States, 1968, 1980,

Age-adjusted death rate

1940 1990 Under 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 85 years
Characteristic standard standard 1 year years years years years years years years years years and over
Race
White
1968 .. ... 126.9 180.6 4.9 8.4 6.6 8.3 16.8 58.0 175.2 402.0 742.2 1,1425 1,509.7
1980 . ... 129.6 187.8 3.1 4.5 4.5 6.3 13.5 46.0 170.8 422.2 807.2 1,227.6 1,600.8
1988 . ... 130.0 191.4 2.2 3.8 3.2 5.1 115 41.6 152.3 437.1 833.8 1,305.6 1,640.2
Percent change:
1968-88 . . . ... ... 24 6.0 (55.1) (54.8) (51.5) (38.6) (31.5) (28.3) (13.1) 8.7 12.3 14.3 8.6
1980-88 . . . .. 0.3 1.9 (29.0) (15.6) (28.9) (19.0) (14.8) (9.6) (10.8) 35 3.3 6.4 25
Black:
1968 . ... 155.9 205.5 4.7 6.2 4.9 7.8 21.9 89.8 266.7 546.6 845.5 1,035.9 1,079.3
1980 . ... 172.1 236.0 3.7 4.5 3.5 6.8 16.4 73.7 276.3 612.0 981.1 1,352.5 1,571.1
1988 . ... 171.3 242.2 3.0 3.6 29 5.6 15.8 69.7 243.8 588.1 1,029.2 1,542.8 1,720.1
Percent change:
1968-88 . . . ... 9.8 17.9 (36.2) (41.9) (40.8) (28.2) (27.9) (22.4) (8.6) 7.6 21.7 48.9 59.4
1980-88 . . ..o (0.4) 2.6 (18.9) (20.0) (17.1) (17.6) (3.7) (5.4) (11.8) (3.9 4.9 14.1 9.5
Ratio (black/white):
1968 . . ... 1.23 1.14 0.96 0.74 0.74 0.94 1.30 1.55 1.52 1.36 1.14 0.91 0.71
1980 . ... 1.33 1.26 1.19 1.00 0.78 1.08 1.21 1.60 1.62 1.45 1.22 1.10 0.98
1988 . .. 1.32 1.27 1.36 0.95 0.91 1.10 1.37 1.68 1.60 1.35 1.23 1.18 1.05
Percent change:
1968-88 . . . ... ... 7.2 11.3 42.2 28.4 22.1 16.8 54 8.2 52 (2.0) 8.4 30.3 46.7
80-88.............. ... 0.7) 0.7 14.3 (5.3) 16.5 1.7 13.1 4.6 (1.0) (7.2) 1.6 7.3 6.9
Sex

Male
1968 . .. 155.5 227.4 4.7 8.8 6.9 10.0 17.3 53.7 183.0 497.9 998.2 1,520.1 1,936.1
1980 . ... 165.5 249.2 3.7 5.2 4.9 7.8 13.4 44.0 188.7 520.8 1,093.2 1,790.5 2,369.5
1988 . .. 162.4 249.2 2.3 3.8 3.6 5.9 11.7 39.7 166.3 526.7 1,072.7 1,861.0 2,527.9
Percent change:
1968-88 . . . . ... 45 9.6 (51.1) (56.8) (47.8) (41.0) (32.4) (26.1) 9.1) 5.8 75 22.4 30.6
1980-88 . .. ... ... (1.8) (0.0) (37.8) (26.9) (26.5) (24.4) (12.7) (9.8) (11.9) 11 (1.9 3.9 6.7
Female:
1968 . . ... 108.8 149.3 51 7.3 5.7 6.5 17.2 67.9 183.0 337.2 553.1 869.4 1,223.6
1980 ... 109.2 152.5 2.7 3.7 3.6 4.8 14.0 53.1 171.8 361.7 607.1 903.1 1,255.7
1988 . ... 111.2 158.2 2.3 3.7 2.7 4.2 12.2 48.5 154.9 376.6 659.2 982.6 1,292.8
Percent change:
1968-88 . . . .. 22 6.0 (54.9) (49.3) (52.6) (35.4) (29.1) (28.6) (15.4) 11.7 19.2 13.0 5.7
1980-88 . . . . ... 1.8 3.8 (14.8) 0.0 (25.0) (12.5) (12.9) (8.7) (9.8) 4.1 8.6 8.8 3.0
Ratio (male/female):
1968 . . ... 1.43 1.52 0.92 1.21 1.21 1.54 1.01 0.79 1.00 1.48 1.80 1.75 1.58
1980 ... 1.52 1.63 1.37 1.41 1.36 1.63 0.96 0.83 1.10 1.44 1.80 1.98 1.89
1988 . ... 1.46 1.57 1.00 1.03 1.33 1.40 0.96 0.82 1.07 1.40 1.63 1.89 1.96
Percent change:
1968-88 . .. ............ ... 2.2 34 8.5 (14.8) 10.1 (8.7) 4.7) 3.5 7.4 (5.3) (9.8) 8.3 23.6
1980-88 . . . ... (3.6) (3.6) (27.0) (26.9) (2.0) (13.6) 0.2 1.2) (2.3) (2.9) (9.6) (4.5) 3.6
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Table 3. Age-adjusted death rates based on the 1940 and 1990 standards and death rates by 10-year age groups for Cancer of respiratory system, by select

United States, 1968, 1980, and 1988
[Rates per 100,000 population]

ed characteristics:

Age-adjusted death rate

1940 1990 Under 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 85 years
Characteristic standard standard 1 year years years years years years years years years years and over
Race
White
1968 . ... ... 26.3 34.7 0.2 0.0 0.1 0.2 1.0 10.2 41.2 106.6 168.3 161.3 117.4
1980 . ... 35.6 48.2 0.1 0.0 0.0 0.1 0.7 9.0 53.6 140.4 242.7 252.9 185.6
1988 .. ... 39.4 55.0 0.1 0.0 0.0 0.1 0.7 7.0 47.6 160.0 279.7 325.7 228.3
Percent change:
1968-88 . .. ........... 49.6 58.8 (43.2) (100.0) (100.0) (43.2) (31.9) (31.3) 15.4 50.1 66.2 101.9 94.5
1980-88 .. ............ 10.6 14.1 0.0 0.0 0.0 0.0 0.0 (22.2) (11.2) 14.0 15.2 28.8 23.0
Black:
1968 ... ... 30.4 37.1 0.2 0.0 0.0 0.1 1.4 18.5 66.3 1245 149.5 130.2 98.9
1980 . ... 46.5 59.0 0.4 0.1 0.0 0.2 1.3 16.5 89.7 198.3 263.9 243.3 172.9
1988 .. ... 49.8 66.5 0.2 0.0 0.0 0.2 0.9 13.1 7.7 206.3 320.9 340.2 234.5
Percent change:
1968-88 . ... .......... 63.7 79.2 (5.4) 0.0 (100.0) 55.0 (37.8) (29.2) 17.2 65.7 114.7 161.2 137.1
1980-88 . . .. .......... 7.1 12.7 (50.0) (100.0) 0.0 0.0 (30.8) (20.6) (13.4) 4.0 21.6 30.8 35.6
Ratio (black/white):
1968 ... ... 1.16 1.07 1.20 0.00 0.58 0.73 141 1.82 1.61 1.17 0.89 0.81 0.84
1980 . ... 1.31 1.22 4.00 0.0 0.0 2.00 1.86 1.83 1.67 1.41 1.09 0.96 0.93
1988 .. ... 1.26 121 2.00 0.0 0.0 2.00 1.29 1.87 1.63 1.29 1.15 1.04 1.03
Percent change:
1968-88 . . ... ......... 9.4 12.9 66.5 0.0 0.0 173.1 (8.6) 3.1 1.5 10.4 29.2 29.4 21.9
80-88................ (3.1) 1.2) (50.0) 0.0 0.0 0.0 (30.8) 21 (2.5) (8.7) 5.5 8.6 10.3
Sex
Male
1968 . ... ... 47.9 64.1 0.2 0.0 0.1 0.2 1.6 16.1 69.6 192.1 324.4 313.7 217.0
1980 . ... 59.7 83.8 0.3 0.0 0.0 0.2 1.0 12.6 79.8 223.8 422.0 5115 386.3
1988 .. ... 59.7 86.6 0.1 0.0 0.0 0.2 0.9 9.6 65.7 229.5 425.4 579.8 492.8
Percent change:
1968-88 . ... .......... 24.6 35.1 (42.7) (100.0) (100.0) (16.0) (42.7) (40.3) (5.6) 19.4 31.2 84.9 127.0
1980-88 . . .. .......... 0.0 3.4 (66.7) 0.0 0.0 0.0 (10.0) (23.8) 17.7) 25 0.8 13.4 27.6
Female:
1968 .. ... 8.9 114 0.2 0.1 0.1 0.1 0.6 6.1 18.8 31.6 41.9 53.9 61.8
1980 . ... 18.3 23.5 0.1 0.1 0.1 0.0 0.6 6.8 34.8 74.5 106.1 98.0 96.3
1988 .. ... 244 33.0 0.1 0.0 0.0 0.1 0.5 5.6 35.0 102.2 164.1 169.9 125.7
Percent change:
1968-88 . .. ........... 175.7 190.7 (45.1) (100.0) (100.0) (6.3) (17.0) (8.5) 86.6 223.8 291.8 215.0 103.6
1980-88 . .. ........... 33.9 40.6 0.0 (100.0) (100.0) 0.0 (16.7) (17.6) 0.6 37.2 54.7 73.4 30.5
Ratio (male/female):
1968 . ... ... 5.40 5.64 0.96 0.16 0.82 2.23 2.61 2.63 3.71 6.09 7.74 5.82 3.51
1980 .. ... 3.27 3.56 3.00 0.00 0.00 0.0 1.67 1.85 2.29 3.00 3.98 5.22 4.01
1988 . ... . 2.44 2.62 1.00 0.0 0.0 2.00 1.80 1.71 1.88 2.25 2.59 3.41 3.92
Percent change:
1968-88 . . . .. ......... (54.8) (53.5) 4.2 0.0 0.0 (10.3) (30.9) (34.8) (49.4) (63.1) (66.5) (41.3) 11.5
1980-88 . .. ........... (25.3) (26.5) (66.7) 0.0 0.0 0.0 8.0 (7.5) (18.1) (25.2) (34.8) (34.6) (2.3)
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Table 4. Age-adjusted death rates based on the 1940 and 1990 standards and death rates by 10-year age groups for Cerebrovascular diseases, by selected characteristics:
United States, 1968, 1980, and 1988
[Rates per 100,000 population]
Age-adjusted death rate
1940 1990 Under 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 85 years
Characteristic standard standard 1 year years years years years years years years years years and over
Race
White
1968 ... ... 66.2 134.9 4.5 0.8 0.7 15 3.6 12.0 35.1 101.3 375.0 1,3125 3,698.6
1980 . ... 38.0 79.5 3.6 0.4 0.2 0.8 2.0 6.6 20.2 56.0 202.1 776.2 2,328.4
1988 .. ... 275 57.5 3.0 0.3 0.2 0.7 1.7 5.0 14.9 43.3 142.3 542.0 1,739.4
Percent change:
1968-88 . . ........... (58.4) (57.4) (33.3) (62.5) (71.4) (53.3) (52.8) (58.3) (57.5) (57.3) (62.1) (58.7) (53.0)
1980-88 ... .......... (27.7) (27.6) (16.7) (25.0) 0.0 (12.5) (15.0) (24.2) (26.2) (22.7) (29.6) (30.2) (25.3)
Black:
1968 ... ... 125.8 198.0 9.3 1.3 0.8 3.6 14.7 56.4 139.4 339.5 795.9 1,442.4 2,676.1
1980 .. ... .. 68.5 114.8 8.8 0.6 0.4 1.9 7.3 25.0 71.0 161.5 408.9 976.4 1,888.6
1988 .. ... 51.5 86.3 8.8 0.6 0.3 1.0 6.0 21.9 53.6 124.2 290.6 736.5 1,445.4
Percent change:
1968-88 . ... ......... (59.0) (56.4) (5.4) (53.8) (62.5) (72.2) (59.2) (61.2) (61.5) (63.4) (63.5) (48.9) (46.0)
1980-88 . .. .......... (24.8) (24.9) 0.0 0.0 (25.0) (47.4) (17.8) (12.4) (24.5) (23.1) (28.9) (24.6) (23.5)
Ratio (black/white):
1968 . ... ... 1.90 1.47 2.07 1.63 1.14 2.40 4.08 4.70 3.97 3.35 2.12 1.10 0.72
1980 . ... .. 1.80 1.44 2.44 1.50 2.00 2.37 3.65 3.79 3.51 2.88 2.02 1.26 0.81
1988 . . ... 1.87 1.50 2.93 2.00 1.50 1.43 3.53 4.38 3.60 2.87 2.04 1.36 0.83
Percent change:
1968-88 . . .. ......... (1.6) 23 41.9 23.1 31.2 (40.5) (13.6) (6.8) (9.4) (14.4) (3.8) 23.6 14.8
1980-88 . .. .......... 4.0 3.9 20.0 33.3 (25.0) (39.8) (3.3) 15.6 2.3 (0.5) 0.9 8.0 24
Sex

Male:
1968 . ... ... 78.7 151.4 5.6 0.8 0.7 18 4.8 16.4 47.9 144.2 483.1 1,418.2 3,591.6
1980 . . ... 449 88.4 5.0 0.4 0.3 1.1 2.6 8.7 27.3 4.7 259.2 868.3 2,199.2
1988 .. ... 324 63.5 4.2 0.4 0.2 0.8 24 7.5 21.0 59.5 176.5 603.2 1,625.6
Percent change:
1968-88 . . ... ........ (58.8) (58.1) (25.0) (50.0) (71.4) (55.6) (50.0) (54.3) (56.2) (58.7) (63.5) (57.5) (54.7)
1980-88 ... .......... (27.7) (28.2) (16.0) 0.0 (33.3) (27.3) (7.7) (13.8) (23.1) (20.3) (31.9) (30.5) (26.1)
Female:
1968 ... ... .. 65.3 131.4 4.9 0.9 0.6 1.7 4.9 16.6 415 101.4 351.6 1,248.8 3,618.3
1980 .. ... ... 37.6 78.0 3.8 0.5 0.3 0.8 2.6 8.4 23.3 56.9 189.0 741.6 2,328.2
1988 .. ... 27.6 57.0 3.7 0.4 0.2 0.7 21 6.2 17.4 44.0 137.3 523.7 1,738.4
Percent change:
1968-88 . .. .......... (57.8) (56.6) (24.5) (55.6) (66.7) (58.8) (57.1) (62.7) (58.1) (56.6) (60.9) (58.1) (52.0)
1980-88 . .. .......... (26.8) (26.9) (2.6) (20.0) (33.3) (12.5) (19.2) (26.2) (25.3) (22.7) (27.4) (29.4) (25.3)
Ratio (male/female):
1968 . ... ... 1.21 1.15 1.14 0.89 1.17 1.06 0.98 0.99 1.15 1.42 1.37 1.14 0.99
1980 . ... .. 1.19 1.13 1.32 0.80 1.00 1.38 1.00 1.04 1.17 1.31 1.37 1.17 0.94
1988 . . ... 1.18 1.11 1.14 1.00 1.00 1.14 1.14 1.21 1.21 1.35 1.29 1.15 0.94
Percent change:
1968-88 . ... ......... (2.3) (3.3) 0.7) 12.5 (14.3) 7.9 16.7 22.4 4.6 (4.9) (6.4) 1.4 (5.8)
1980-88 . .. .......... (1.3) 1.7) (13.7) 25.0 0.0 (16.9) 14.3 16.8 3.0 3.0 (6.3) (1.6) (1.0
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Table 5. Age-adjusted death rates based on the 1940 and 1990 standards and death rates by 10-year age groups for Homicide, by selected characteristics

1980, and 1988
[Rates per 100,000 population]

. United States, 1968,

Age-adjusted death rate

1940 1990 Under 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 85 years
Characteristics standard standard 1 year years years years years years years years years years and over
Race
White
1968 . . ... 4.2 4.2 4.0 1.1 0.5 4.8 6.9 6.3 5.0 4.0 3.3 2.9 3.3
1980 ... ... 6.9 6.9 4.3 1.7 0.9 10.1 11.6 9.7 7.3 4.8 4.4 4.4 4.8
1988 . ... 5.3 5.2 5.8 1.9 0.9 7.8 8.9 6.8 5.0 3.9 3.1 34 35
Percent change:
1968-88 . ... .......... 25.6 23.8 45.0 72.7 80.0 62.5 29.0 7.9 0.0 (2.5) (6.1) 17.2 6.1
1980-88 . .. ........... (23.8) (23.8) 34.9 11.8 0.0 (22.8) (23.3) (29.9) (31.5) (18.8) (29.5) (22.7) (27.1)
Black:
1968 . . ... 423 41.8 9.5 3.8 2.2 49.8 83.7 70.2 49.1 30.2 16.0 10.1 8.7
1980 .. ... 40.6 40.3 15.7 6.8 2.6 50.6 81.2 59.7 445 29.7 19.3 14.8 11.3
1988 . ... 34.1 337 21.4 6.9 3.6 59.1 64.8 44.0 245 16.9 16.4 17.6 18.3
Percent change:
1968-88 . . ... ......... (19.3) (19.4) 125.3 81.6 63.6 18.7 (22.6) (37.3) (50.1) (44.0) 25 74.3 110.3
1980-88 . ... .......... (16.0) (16.4) 36.3 15 38.5 16.8 (20.2) (26.3) (44.9) (43.1) (15.0) 18.9 61.9
Ratio (black/white):
1968 . . ... ... 10.05 9.85 2.38 3.45 4.40 10.38 12.13 11.14 9.82 7.55 4.85 3.48 2.64
1980 . ... 5.85 5.85 3.65 4.00 2.89 5.01 7.00 6.15 6.10 6.19 4.39 3.36 2.35
1988 . . ... 6.45 6.42 3.69 3.63 4.00 7.58 7.28 6.47 4.90 4.33 5.29 5.18 5.23
Percent change:
1968-88 . .. ........... (35.8) (34.9) 55.4 5.1 (9.1) (27.0) (40.0) (41.9) (50.1) (42.6) 9.1 48.6 98.3
1980-88 . . .. ... ... ... 10.2 9.7 11 9.2) 38.5 51.2 4.0 5.1 (19.6) (30.0) 20.6 53.9 122.1
Sex
Male:
1968 . . ... ... 13.4 133 4.7 15 0.9 16.4 25.3 20.8 15.1 105 7.6 5.4 5.9
1980 . ... 6.9 6.9 4.3 1.7 0.9 10.1 11.6 9.7 7.3 4.8 4.4 4.4 4.8
1988 . . ... 53 5.2 5.8 1.9 0.9 7.8 8.9 6.8 5.0 3.9 31 34 3.5
Percent change:
1968-88 . .. ........... (60.5) (60.6) 234 26.7 0.0 (52.4) (64.8) (67.3) (66.9) (62.9) (59.2) (37.0) (40.7)
1980-88 . . .. ... ... (23.8) (23.8) 34.9 11.8 0.0 (22.8) (23.3) (29.9) (31.5) (18.8) (29.5) (22.7) (27.1)
Female:
1968 . .. ... 4.1 4.0 4.9 2.3 11 5.8 6.2 5.4 3.7 2.6 2.7 3.4 3.7
1980 . ... 45 4.4 5.6 2.2 11 6.6 7.0 5.7 4.1 2.8 3.0 35 4.3
1988 . . ... 4.2 4.2 8.7 2.3 11 6.0 7.3 4.6 3.1 25 2.9 35 3.7
Percent change:
1968-88 . .. ........... 2.3 31 77.6 0.0 0.0 34 17.7 (14.8) (16.2) (3.8) 7.4 2.9 0.0
1980-88 . . . ........... (6.9) (6.1) 55.4 45 0.0 9.1) 43 (19.3) (24.4) (10.7) (3.3) 0.0 (14.0)
Ratio (male/female):
1968 . ... ... 3.29 3.30 0.96 0.65 0.82 2.83 4.08 3.85 4.08 4.04 2.81 1.59 1.59
1980 ... 1.55 1.55 0.77 0.77 0.82 1.53 1.66 1.70 1.78 1.71 1.47 1.26 1.12
1988 .. ... 1.27 1.26 0.67 0.83 0.82 1.30 1.22 1.48 1.61 1.56 1.07 0.97 0.95
Percent change:
1968-88 . ... .......... (61.4) (61.8) (30.5) 26.7 0.0 (54.0) (70.1) (61.6) (60.5) (61.4) (62.0) (38.8) (40.7)
1980-88 (18.1) (18.8) (13.2) 6.9 0.0 (15.0) (26.4) (13.1) 9.9) (9.0) (27.1) (22.7) (15.3)




Table 6. Deaths, age-adjusted death rates based on the 1940 and 1990 standards, standard errors, and relative standard errors in

percent for All causes, by selected characteristics: United States, 1988

Relative standard errors

Age-adjusted death rates Standard errors (percent)
1940 1990 1940 1990 1940 1990
Characteristic Deaths standard standard standard standard standard standard
White
Observed number . . .. ... ... D 1,876,969 509.8 841.6 0.4 0.6 0.1 0.1
Ten-percent sample . . . . . .. 0.1D 187,697 509.8 841.6 1.3 1.9 0.3 0.2
One-percent sample . . . . . . 0.01D 18,770 509.8 841.6 4.1 6.0 0.8 0.7
Black
Observed number . . ... ..... D 264,026 788.8 1,142.6 1.6 2.2 0.2 0.2
Ten-percent sample . . . . . .. 0.1D 26,403 788.8 1,142.6 5.0 7.0 0.6 0.6
One-percent sample . . . . .. 0.01D 2,640 788.8 1,142.6 15.8 22.0 2.0 1.9
Male
Observed number . . ... ..... D 1,125,537 696.7 1,110.7 0.7 1.0 0.1 0.1
Ten-percent sample . . . . . .. 0.1D 112,554 696.7 1,110.7 2.1 3.2 0.3 0.3
One-percent sample . . . . .. 0.01D 11,255 696.7 1,110.7 6.8 10.2 1.0 0.9
Female
Observed number . . . .. ... .. D 1,042,465 404.4 687.2 0.5 0.7 0.1 0.1
Ten-percent sample . . . . . .. 0.1D 104,246 404.4 687.2 15 2.1 0.4 0.3
One-percent sample . . . . .. 0.01D 10,425 404.4 687.2 4.7 6.6 1.2 1.0

Table 7. Deaths, age-adjusted death rates based on the 1940 and 1990 standards, standard errors, and relative standard errors in

percent for Cancer, by selected characteristics: United States, 1988

Relative standard errors

Age-adjusted death rates Standard errors (percent)
1940 1990 1940 1990 1940 1990
Characteristic Deaths standard standard standard standard standard standard
White
Observed number . . . .. ... .. D 425,123 130.0 191.4 0.2 0.3 0.2 0.2
Ten-percent sample . . . . . .. 0.1D 42,512 130.0 191.4 0.7 0.9 0.5 0.5
One-percent sample . . . . . . 0.01D 4,251 130.0 191.4 2.2 29 1.7 15
Black
Observed number . . . .. ... .. D 53,971 171.3 242.2 0.8 1.0 0.4 0.4
Ten-percent sample . . . . . .. 0.1D 5,397 171.3 242.2 2.4 3.3 14 14
One-percent sample . . . . . . 0.01D 540 171.3 242.2 7.6 10.5 4.4 4.3
Male
Observed number . . ... ... .. D 258,035 162.4 249.2 0.3 0.5 0.2 0.2
Ten-percent sample . . . . . .. 0.1D 25,804 162.4 249.2 1.0 1.6 0.6 0.6
One-percent sample . . . . .. 0.01D 2,580 162.4 249.2 33 4.9 2.0 2.0
Female
Observed number . . ... ... .. D 226,924 111.2 158.2 0.3 0.3 0.2 0.2
Ten-percent sample . . . . ... 0.1D 22,692 111.2 158.2 0.8 1.1 0.7 0.7
One-percent sample . . . . .. 0.01D 2,269 111.2 158.2 2.6 3.3 2.3 2.1
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Table 8. Deaths, age-adjusted death rates based on the 1940 and 1990 standards, standard errors, and relative standard errors in
percent for Cancer of the respiratory system, by selected characteristics: United States, 1988

Relative standard errors

Age-adjusted death rates Standard errors (percent)
1940 1990 1940 1990 1940 1990
Characteristic Deaths standard standard standard standard standard standard
White
Observed number . . .. ... ... D 121,938 39.4 55.0 0.1 0.2 0.3 0.3
Ten-percent sample . . . . . .. 0.1D 12,194 39.4 55.0 0.4 0.5 1.0 0.9
One-percent sample . . . . . . 0.01D 1,219 39.4 55.0 12 1.6 3.0 2.9
Black
Observed number . . . ... .... D 14,950 49.8 66.5 0.4 0.5 0.8 0.8
Ten-percent sample . . . . . .. 0.1D 1,495 49.8 66.5 13 17 2.7 2.6
One-percent sample . . . . .. 0.01D 149 49.8 66.5 4.2 55 8.4 8.2
Male
Observed number . . ... ..... D 91,839 59.7 86.6 0.2 0.3 0.3 0.3
Ten-percent sample . . . . . .. 0.1D 9,184 59.7 86.6 0.6 0.9 11 11
One-percent sample . . . . .. 0.01D 918 59.7 86.6 2.0 29 34 33
Female
Observed number . . . ... .... D 46,393 24.4 33.0 0.1 0.2 0.5 0.5
Ten-percent sample . . . . . .. 0.1D 4,639 24.4 33.0 0.4 0.5 1.6 15
One-percent sample . . . . .. 0.01D 464 24.4 33.0 1.2 1.5 5.0 4.7

Table 9. Deaths, age-adjusted death rates based on the 1940 and 1990 standards, standard errors, and relative standard errors in

percent for Cerebrovascular diseases, by selected characteristics: United States, 1988

Relative standard errors

Age-adjusted death rates Standard errors (percent)
1940 1990 1940 1990 1940 1990
Characteristic Deaths standard standard standard standard standard standard
White
Observed number . . . . ... ... D 130,025 275 57.5 0.1 0.2 0.3 0.3
Ten-percent sample . . . . . .. 0.1D 13,003 275 57.5 0.3 0.5 1.0 0.9
One-percent sample . . . . . . 0.01D 1,300 275 57.5 0.9 16 3.1 2.8
Black
Observed number . . . . ... ... D 18,484 51.5 86.3 0.4 0.6 0.8 0.7
Ten-percent sample . . . . . .. 0.1D 1,848 51.5 86.3 1.3 2.0 25 2.3
One-percent sample . . . . . . 0.01D 185 51.5 86.3 4.0 6.4 7.8 7.4
Male
Observed number . . . . ... ... D 59,749 32.4 63.5 0.1 0.3 0.4 0.4
Ten-percent sample . . . . . . . 0.1D 5,975 324 63.5 0.4 0.8 14 13
One-percent sample . . . . . . 0.01D 597 32.4 63.5 1.4 2.6 4.3 4.1
Female
Observed number . . .. ...... D 90,770 27.6 57.0 0.1 0.2 0.4 0.3
Ten-percent sample . . . . ... 0.1D 9,077 27.6 57.0 0.3 0.6 1.3 1.1
One-percent sample . . . . . . 0.01D 908 27.6 57.0 11 1.9 4.0 3.3

44



Table 10. Deaths, age-adjusted death rates based on the 1940 and 1990 standards, standard errors, and relative standard errors in

percent for Homicide, by selected characteristics: United States, 1988

Relative standard errors

Age-adjusted death rates Standard errors (percent)
1940 1990 1940 1990 1940 1990
Characteristic Deaths standard standard standard standard standard standard
White
Observed number . . .. ... ... D 10,991 5.3 5.2 0.1 0.1 1.0 1.0
Ten-percent sample . . . . . .. 0.1D 1,099 53 5.2 0.2 0.2 3.1 3.0
One-percent sample . . . . . . 0.01D 110 5.3 5.2 0.5 0.5 9.7 9.5
Black
Observed number . . . ... .... D 10,389 34.1 33.7 0.3 0.3 1.0 1.0
Ten-percent sample . . . . . .. 0.1D 1,039 34.1 33.7 11 11 3.1 3.1
One-percent sample . . . . .. 0.01D 104 34.1 33.7 3.4 3.3 9.9 9.9
Male
Observed number . . ... ..... D 16,763 53 5.2 0.1 0.1 1.3 1.3
Ten-percent sample . . . . . .. 0.1D 1,676 5.3 5.2 0.2 0.2 4.0 4.0
One-percent sample . . . . .. 0.01D 168 53 52 0.7 0.7 12.6 125
Female
Observed number . . ... ... .. D 5,295 4.2 4.2 0.1 0.1 1.4 1.4
Ten-percent sample . . . . . .. 0.1D 529 4.2 4.2 0.2 0.2 4.5 4.4
One-percent sample . . . . .. 0.01D 53 4.2 4.2 0.6 0.6 14.1 13.8
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Part IV
Areas of application



Chapter 6
The choice of the standard
for age adjustment

by Richard Rothenberg, M.D., Center for
Chronic Disease Prevention and Health
Promotion, Centers for Disease Control, and
Robert Hahn, Ph.D., Epidemiology Program
Office, Centers for Disease Control

For five decades, the National Center for Health
Statistics (NCHS) has used the population of the United
States in 1940 as the standard for age adjustment of
mortality statistics. Any choice of standard is arbitrary, a
convenient construct for making comparisons. However,
as 1940 recedes, its relevance has been questioned, be-
cause the current population structure differs markedly
from that of 1940. It is tempting casually to dismiss the
1940 standard as outmoded, but the issue is complex and
its resolution difficult for several reasons. Theoretically, is
there a best or most appropriate standard? Empirically,
does a change in standard make a difference in the
perception of disease burden or the ranking of public
health problems? Economically, what effort and cost are
engendered by a change? Socially, what is the impact of
discontinuity on public perception?

These issues have been revisited on several occasions
during the last 30 years. In 1966, Spiegelman and Marks
compared mortality data using the populations of 1940,
1950, and 1960 as standards (1). In 1981, Curtin, Maurer,
and Rosenberg compared standardization using the 1940
and 1970 populations (2). Although their methods differed
in detail (table 1), their results were similar. Spiegelman
and Marks noted a major change in the absolute level of
the age-adjusted rate (AAR) and that the amount of
change varied by disease (major change for stroke, mod-
erate change for diabetes, insignificant change for motor
vehicle accidents and homicide). The choice of standard
had little influence on the AAR for the population 65
years of age and over. The standard exerted no influence
on the male-female or the black-white ratios. There was
little difference in observed trends using any of the three
standards.

Curtin, Maurer, and Rosenberg demonstrated a high
correlation between the AAR (1940 standard) and life
expectancy at birth (using 1969-72 life tables), between
the AAR (1970 standard) and life expectancy at birth, and
between the two standards. They noted that the AAR is
higher when using the 1970 standard for total mortality
and for causes for which the average age at death is higher
than that for total mortality. The AAR (1970 standard) is
lower, however, for causes for which the average age at
death is lower than the overall average age at death. Using
the percent change as a measurement of trend, they
observed a small effect of a change in standard. Using
annual average percent change, however, they noted an

important effect of the change in standard for suicide and
for cancer. By comparing two time periods for cancer,
whose mortality increases were accelerating, they were
able to demonstrate that the 1970 standard revealed a
greater increase for cancer than the 1940 standard. In this
subanalysis, they concluded that a change in standard may
affect the perception of trend because of variable changes
in age-specific trends—a situation for which age standard-
ization is not optimal. Finally, they demonstrated that the
change of standard had little effect on the male-female
ratio and that the relative standard error of the AAR and
the coefficient of variation were unaffected. Both groups
of researchers concluded that a shift from the 1940 stan-
dard was not warranted at the time.

Methods

In the current analysis (table 2), we compared the
effects of eight standard populations: the populations
determined at each census from 1940 to 1980; an estimate
of the 1990 population (3); the standard population used
by the World Health Organization, referred to here as
WORLD (mentioned in (4)); and a uniform standard,
referred to here as UNIFORM, for which each mfage
groups receives fith of the weight. (A uniform standard
is equivalent to the mean age-specific rate.)

Numerator data for total mortality were derived from
the underlying-cause-of-death (UCD) tapes for 1968-88
supplied by NCHS (5). Numerator data for the 15 leading
causes of death were taken from the UCD data for 1987.
In a separate analysis, four causes of death—ischemic
heart disease, cancer, chronic obstructive pulmonary dis-
ease (COPD), and Alzheimer's disease—were examined
in greater detail. For them, data were extracted from the
multiple-cause-of-death tapes for 1968-87 supplied by
NCHS (6). A death was included if there was mention of
these four conditions anywhere on the original death
certificate (the “record axis” in the electronic format).
Intercensal population estimates for 1968—79 were pro-
vided by the U.S. Bureau of the Census (3), and estimates
for 1980-88 were provided by a private contractor (7).
These denominators differ slightly from those currently
used by NCHS, which incorporate the periodic updates of
intercensal estimates supplied by the Bureau of the Cen-
sus and do not use the private contractor. Nonetheless,
the rate estimates generated in this analysis differ only in a
minor way from those published by NCHS.
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In addition to a comparison of U.S. decennial popu-
lation, WORLD, and UNIFORM standards, a set of
artificial weights was constructed to examine the particu-
lar effect of different types of population structures on the
AAR. Four different population pyramids were examined:
predominance of the young, predominance of the elderly,
predominance of the middle-aged, and a population with
predominance of both young and old with deemphasis of
the middle-aged. In each subset, the degree of predomi-
nance was varied over a range of values.

The major factors examined were the relative change
in the AAR, trends, sex and race ratios, rankings of States
for ischemic heart disease, rankings of major causes of
death, effect of alternative age groupings, and difference
between the crude rate and the AAR. Four methods,
similar in their nomenclature but somewhat different in
their statistical approach, were used to examine trends:
the overall percent change, which uses the first and last
values to compute the changeP({-Po)/Pg (8); the
average annual percent change, which also uses the first
and last values and assumes uniform change in each
interval ((PrVPo)**1/n)-1) (8); the slope of a line fitted
by linear regression through all the data points; and the
corrected slope (slope/intercept), which is equivalent to
the average annual percent change for the fitted line. For
simple and multiple linear regression, year was converted
so that the O point was at 1977.5, thereby centering the
intercept at the midpoint of the data, which equates the
intercept with the mean. For each State, a separate
multiple regression analysis was performed using rank as
the dependent variable and year and standard as indepen-
dent variables. In these multiple regressions, the 1940-90
standards were coded 0-5. The average change in rank for
each State was calculated by substituting in the regression
equation.

Results

Relative effect on AAR

The choice of standard has a dramatic effect on the
size of the AAR, as expected (table 3). Using the 1950-70
standards, the AAR drifts slowly upward, but there is a
sharp increase with 1980 and a subsequent small fall with
1990. The rate ratios for each of the standards compared
with the 1940 standard increase slightly over time; this
effect is most marked for the UNIFORM to 1940 ratio.

The WORLD standard, although quite different in
structure from the 1940 standard (table 4), produces a
similar AAR. For instance, for 1988 the rate ratio for
AAR (WORLD) to AAR (1940) was 1.045. The 1990
standard, as expected, produces a value for 1988 that is
closest to the crude rate. (Obviously, if a 1990 standard
were used for 1990 data, the crude rate and AAR would
be identical.)

The UNIFORM standard, which gives greater total
emphasis to older age groups than does any of the others,
produces a very large AAR. As noted, it is equivalent to
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the mean age-specific rate, and in fact it corresponds most
closely to the age-specific rate for persons aged 65-69
years for the period 1968-88. Thus, it may be viewed as
providing information usually not incorporated in the
AAR.

Trends

For total mortality, the overall percent change and the
average annual percent change do not vary appreciably
with the standard chosen (table 5). The slope of mortality
decline, however, is accentuated by the more recent stan-
dards. Although the slope is a larger negative number
using the 1990 standard than using the 1940 standard, it is
actually a smaller percent of the intercept (mean AAR).
The WORLD standard produces results similar to those
for the 1940 standard. The UNIFORM standard is consid-
erably different. The two measures of percent change are
smaller, the slope is steeper, and the slope is a smaller
proportion of the mean AAR.

The specific causes of mortality exhibit different trend
patterns with different standards. For ischemic heart dis-
ease, which has undergone dramatic declines, the trends
are similar to those for overall mortality. There is less
evidence of decline with more recent standards using
either percent measure. The slope is increasingly negative
for the later standards, but the slope is also a smaller
percent of the mean AAR.

In the case of cancer, for which there have been small
increases in overall mortality, the opposite occurs. The
percent measures are magnified by using more recent
standards; using 1990, the overall percent increase is
5.5 percent, compared with 2.4 percent for 1940. The
slope also increases, but more importantly, the slope is a
greater proportion of the mean AAR with more recent
standards (1980 and 1990) than with the 1940 standard.
Again, the WORLD standard produces results similar to
those for 1940. The UNIFORM standard accentuates
these increases to an even greater extent than do the 1980
and 1990 standards.

A similar phenomenon occurs for Alzheimer's dis-
ease, whose increases have been among the most dramatic
for any cause of death, including AIDS. A change of
standard from 1940 to 1990 more than doubles the percent
change and produces large increases for all the other
parameters. If the UNIFORM distribution is used, the
overall percent increase is elevated almost fourfold.

Chronic obstructive pulmonary disease is a condition
for which there has been no significant mortality trend
during the period of observation. It is of interest that the
choice of standard can actually alter the perceived direc-
tion of change. The overall percent change is -1.1 percent
using 1940 and 8.3 percent using 1990, although it is
important to remember that none of the slopes is significant.

Thus, standards that reflect more recent population
structures have a small but consistent influence on the
perception of trends. It is reasonable to generalize that,
for diseases with decreasing mortality, the decline will be



less pronounced using a standard that reflects the current
population composition than using the 1940 standard. For
diseases with increasing mortality, the increase will be
more pronounced. In the examples cited (with the excep-
tion of Alzheimer’s disease), these differences are small to
moderate. For Alzheimer’s disease, the change in stan-
dard produces a marked alteration in the perception of

trend.

Sex and race ratios

As with the total population, more recent standards
alter the actual level of the AAR for each sex, race, and
sex-race group. This alteration is not uniform across the
groups or across years. The ratio of the AAR using the
1990 standard to the AAR using the 1940 standard in-
creases from 1968 to 1988 for each of the sex, race, and
sex-race groups (table 6). It is greatest for black females
(9.5 percent) and smallest for white females (2.2 per-
cent). In general, the change is greater for black than
white persons and greater for men than women.

The male-female ratio, the black-white ratio, and the
sex-specific black-white ratios all are smaller when more
recent standards are used (table 7). The amount of change
differs with each comparison and over the years. For
example, the 1990 standard produces a ratio of black to
white mortality among women in 1968 that is 20.1 percent
less than that produced by the 1940 standard. In 1988, the
ratio using the 1990 standard was only 12.9 percent lower
than that using the 1940 standard.

State rankings

Each standard alters the relative rankings of States for
ischemic heart disease mortality. The degree of alteration
is greater with more recent standards than with the 1940
standard (table 8) and is greatest with the 1990 standard.
Comparing 1990 with 1940, there is a mean movement of
2.4 ranks, with a range of 0-23 ranks. For 1987, only three
States had no change in rank over all the standards: Utah
(48th), Hawaii (49th), and New York (1st).

Change in rank is, of course, a function not only of
standardization but of varying secular trends within States.
A shift in population structure or a shift in true risk can
make a State more susceptible to the effect of a change in
standard. Using multiple regression analyses for each
State to compare the 1990 standard with the 1940 stan-
dard, the largest negative change occurred for Georgia
(-8.6) and the largest positive change for Connecticut (7.5)
(table 9). The average change over all the States was 2.4
ranks. These values represent the effect of the change in
the standard while controlling for secular trends, and they
suggest that secular trend did not confound the change in
ranks produced by different standards.

Disease rankings

The leading causes of death have different ranking
patterns depending on the standard used (table 10). These

changes do not affect the two major causes of death (heart
disease and malignant neoplasms), but they do create
generally small perturbations in the ordering of the remain-
ing diseases. The rank order correlation coefficient for the
ranks produced by the 1990 standard compared with those
for the 1940 standard was 0.93 (p<0.01), indicating a high
degree of correlation. The change in ranks was not statis-
tically significant, but it does alter to some extent the
perception of disease importance.

Relationship of crude rate and AAR

The percent difference between the crude rate and
the AAR is a rough measure of the difference in structure
between the population under consideration and the stan-
dard (table 11). Averaged over the years, the 1970 stan-
dard keeps the AAR closest to the crude rate. The 1940
standard provides the greatest disparity between the two
measures. The 1990 standard is midway between but, as
noted, provides the closest approximation of the current
crude rate.

Effect of age intervals

Mortality has been significantly postponed over the
period of observation. As a result, if 10-year age groups
are used, each 10-year age group has a larger proportion
of individuals in its upper portion than was the case 20
years ago. Use of 5-year age groups for standardization,
instead of the 10-year age groups employed by NCHS, has
little or no effect on the age-adjusted rate with any
standard, however.

Constructed standards

A series of 16 constructed standards, each emphasiz-
ing different portions of the population, confirmed most
intuitive notions of how the standards affect the relative
perception of rate. A weighting system that stresses younger
groups tends to magnify downward trends; conversely, a
system that stresses older persons diminishes downward
trends. Intermediate weighting systems have less effect in
either direction. A system that stresses the middle years
shows the greatest consistency over time but, under the
conditions examined, elevates the AAR by a factor of 3.5
to 4.0. (The data generated by this analysis are extensive
and are not presented in detail here.)

Discussion

The purpose of age standardization is to permit com-
parison of populations that differ in their age structure. In
usual epidemiologic circumstances, several populations
are compared using some intuitively acceptable standard
(for instance, counties are compared using the State
population as a standard, or a study and control group are
compared by standardizing each to their combined popu-
lation). The choice of standard is, as noted, arbitrary.
However, once a standard is chosen, there is obvious value
in using it consistently, particularly in the context of
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long-term trend data. A change in standard is not under-
taken lightly. Theoretical considerations aside, an impor-
tant part of the justification of standard change rests on
the empirical demonstration of important (and desirable)
differences in the results generated by the new standard.

Previous analyses (1,2) that compared the 1940 stan-
dard with a 1950, 1960, or 1970 standard demonstrated
some differences, and these were deemed relatively unim-
portant. The current study confirms that the perception of
disease burden is altered relatively little by use of the
1950, 1960, or 1970 standard. The data suggest, however,
that a larger change occurs with 1980; this change, al-
though slightly attenuated, continues with the 1990 stan-
dard. (Final judgment on the 1990 standard cannot be
made until the official population counts are available.
These analyses were based on estimates from the U.S.
Bureau of the Census (3).)

Compared with the 1940 standard, the 1990 standard
places the AAR in close proximity to the current crude
rate. It causes attenuation of the rate of decline of total
mortality and of diseases whose mortality is declining;
conversely, it accentuates the rate of increase for diseases
that are increasing. In general, the 1990 standard dimin-
ishes sex, race, and sex-race ratios but does so to differing
degrees, depending on the groups being compared. The
1990 standard alters the relative ranking of States for the
leading cause of death (ischemic heart disease). For most
States, this effect is small to moderate; for several States,
the effect is large; and for three States at either end of the
ranking, there is no effect. It is unclear whether States in
the middle of the distribution would be concerned about
the alterations. There is a change in the rank ordering for
the leading causes of death, but it is not statistically
significant.

Given that these changes are real, the subjective
question as to whether they are important remains. Sev-
eral theoretical issues may be raised in this regard. First,
the magnitude of the difference between the crude rate
and the AAR is related to the perceived difference in
trend. An adjusted trend eliminates the effect of change in
population structure and provides a better perception of
the “true” rate of change than does the crude rate. It may
be argued that standards can be constructed to manipu-
late this rate of change at will, and the best standard is one
that reports a minimum difference between the crude rate
and the adjusted rate over the whole range of the data.
This is likely to be a standard that emphasizes a popula-
tion from the center of the chronologic distribution rather
than one at either extreme. Empirically, the actual changes
in the perception of trend with any standard are small
(table 5), so this “theoretical” advantage may be helpful
in decisionmaking. If the notion of a central population is
pursued, its centrality should be related to the overall
timespan contemplated; 1990, for example, is the central
point in the 100 years of data that begin in 1940.

Dr. Kleinman has argued (9) that the use of a stan-
dard such as the 1990 population introduces an element of
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“bias” by weighting the standard toward an older popula-
tion. The 1940 standard counterbalances this effect. It is
unlikely that Dr. Kleinman was using the term “bias” in its
statistical sense but rather in its more generic sense: the
introduction of a preference. Again, we are dealing with
subjective choice. It may well be worthwhile in some
instances to blunt the effect of aging in the population by
using a younger population as the standard. On the other
hand, judgment could dictate that a population that re-
flects the current one provides the best public health
perspective. An AAR that is close to the crude rate has an
air of verisimilitude of which the 1940 standard AAR, by
its distance from the crude rate, is deprived. If Dr.
Kleinman’s argument were to be pursued, however, it
would appear that an “unbiased” standard would weight
all age groups equally. The UNIFORM standard em-
ployed here has, as noted, the advantage of providing a
piece of information not present with any other stan-
dard—the mean age-specific rate, which, in these data, is
closest to the rate for persons aged 65-69 years. This may
well be an argument for using the UNIFORM standard in
some capacity.

These considerations do not appear to provide an
incontrovertible argument for or against changing the
current 1940 standard. One point that does emerge, how-
ever, is that there is no “standard” standard. It is likely
that a standard can outlive its usefulness and that the
same data should be approached with different standards
for different purposes. Perhaps the notion under severest
scrutiny is not whether 1940 is appropriate but whether a
single standard is the optimum policy.

The data that NCHS acquires and subsequently pub-
lishes are really of three logical types: observations, esti-
mates, and constructs. The observations (counts of the
number of deaths) may be viewed as incontrovertible, or
at least difficult to challenge, because they represent
reports from the only collection mechanism available.
Although perhaps estimates in the statistical sense, the
numbers are usually accepted as the truth. The estimates
(crude rates and age-specific rates) require the addition of
denominators. Such population estimates are altered pe-
riodically and may be challenged. (The Bureau of the
Census is in court at this very moment.) Estimates com-
mand a somewhat different type of belief from that
required for observations. Third, the constructs (age-
adjusted rates) depend on several subjective choices (stan-
dard, age interval). Constructs have considerable
epidemiologic and statistical utility, but they are not to be
believed in the same sense as observations or estimates.
This line of reasoning suggests that alternative standards
may be useful.

Finally, in addition to empirical and theoretical issues,
a number of economic and social factors influence the
choice of standard. Following is a summary of some
theoretical, empirical, economic, and sociopolitical
arguments that have been raised for and against change of
the current standard.



Arguments for change

1. Even though the AAR is a construct, it should be of
the same order of magnitude as the crude rate in
order to minimize the difference between the crude
and adjusted rates. The most appropriate compromise
is a population that is central to the populations being
compared.

2. Changing the standard produces small but consistent
changes in the empirical results. The most appropriate
measure of trend (the slope/intercept) changes with
more recent standards, as do sex and race ratios,
rankings of States, and rankings of diseases.

3. Because it is generally agreed that the choice of
standard is to a large extent arbitrary and subjective, it
makes little sense to have a “standard” standard. The
AAR is not the same “logical type” as a crude rate,
which in turn is different from the reported number of
deaths. Taken in reverse order, these measures repre-
sent a progression from counting to construction, and
the degree of tenacity in maintaining their inviolability
should decrease accordingly.

4. The cost of conversion is considerable only if the
decision is made to retrofit the data. Concurrent new
standards, which would run parallel with and eventu-
ally replace 1940, would require minimal expense. The
ultimate goal would be to provide electronic access to
the data so that users could employ a standard that
they deem appropriate to the work that they are
doing.

5. As noted, the 1940 standard is viewed by many as
antiquated (even if for the wrong reasons). The stan-
dard may be perceived as inappropriate, and NCHS
must deal with the perception. A change of standard
would align most diseases with their current crude
rate and perhaps imbue the actual number with a bit
more relevance.

6. If the 1940 standard were not abandoned but used in
parallel with another standard and then replaced after
a suitable period of time, social and political reaction
to the discontinuity could be minimized.

Arguments against change

1. There is no theoretically correct standard. The chosen
standard should provide a balance that minimizes the
effect of population trends, thereby avoiding “bias” in
estimation of disease impact. The 1940 standard min-
imizes the bias imposed by the current aging popula-
tion.

2. Observed differences produced by using different stan-
dards are small, with minor exceptions. The changes
usually affect the magnitude but not the direction of
change. Many of the differences that result from
changing standards occur in situations where age
adjustment may not be an appropriate tool. For exam-
ple, in cancer mortality, divergent age-specific rates
make age adjustment inappropriate, and this is one of
the conditions for which changing the standard makes
a real difference.

3. The costs of changeover are considerable, both in
personnel and other resources. In addition, the added
burden on State data centers would be poorly toler-
ated.

4. On the social and political levels, a change in standard
would produce a dramatic discontinuity, and the abrupt
change would generate considerable confusion. For
researchers, the loss of continuity would have a sub-
stantial effect on prior and contemplated work.

5. Although there is no “right” standard, NCHS has the
responsibility to choose a de facto standard. Despite
possible limitations, codification of the AAR with a
single standard serves a vital social and political func-
tion.

6. The introduction of other standards contemporane-
ously with the 1940 standard would create disruption
and cumbersome presentations in NCHS publications,
whose year-to-year continuity is one of their great
strengths. It might be simple enough to present alter-
nate AAR'’s, but a table of the top 15 causes of death
would be confusing.

Summary and recommendations

There is reasonable argument on both sides of this
issue. We suggest that the main issue does not hinge on
the use of 1940 as a standard but on whether it is
appropriate to have an absolute standard. The standard-
ized rate that NCHS produces is an important epidemio-
logic measure, but not an incontrovertible number. We
recommend that NCHS attach two new standards to a
portion of its data (the 1990 population, when it becomes
available, and the WORLD standard); that it publish the
UNIFORM standard (mean age-specific rate); that it not
attempt to retrofit data; and that it establish a new
continuum. For several years, there should be consider-
able overlap—perhaps even dual publication of the major
tables—with eventual changeover to another standard that
more closely approximates the population structure of the
past 20 and the coming 50 years.
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Table 1. Summary of methods from prior studies of standards for age adjustment of mortality statistics

Comparison Spiegelman and Marks Curtin, Maurer, and Rosenberg
Standards 1940, 1950, 1960 1940, 1970
Conditions Total mortality Total mortality

Factors examined

Time periods studied

Tuberculosis

Diabetes

Vascular central nervous system lesions
Congenital malformation

Motor vehicle accidents

Homicides

Relative change in AAR

AAR for persons 65 years and over
Sex ratio

Race ratio

Trends (percent change)

1956, 1940, 1920

Diseases of the heart
Malignant neoplasms
Respiratory cancer
Cerebrovascular disease
Suicides

Homicides

Correlation of AAR and life expectancy

Rank order correlation

Relative change in AAR

Trends (percent change, average annual percent change)
Ratio of change over 2 time periods

Sex ratio

Relative standard error of covariance

1940, 1970, 1977

NOTE: AAR is age-adjusted rate.

SOURCES: Spiegelman and Marks, 1966 (1); Curtin, Maurer, and Rosenberg, 1981 (2).

Table 2. Summary of methods from current study of standards for age adjustment of mortality statistics

Compatrison

Items studied

Standards

Conditions

Factors examined

Time periods studied

1940, 1950, 1960, 1970, 1980, 1990, WORLD, UNIFORM, and a series of artificially constructed standards

Total mortality (18 5-year age groups)
Total mortality (11 10-year age groups)

Ischemic heart disease
Cancer (malignant neoplasms)

Chronic obstructive pulmonary disease

Alzheimer’s disease

Relative change in AAR

Trends (percent change, average annual percent change, slope)
Relative difference between crude rate and AAR

Sex ratio
Race ratio
Sex-race ratio

State rankings (effect of standard on Ischemic heart disease ranking)

Disease rankings (for 1988)

Effect of alternative age groupings

1962-88 (total mortality)

1968-87 (cause-specific mortality)

1988 (disease rankings)

NOTE: AAR is age-adjusted rate.
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Table 3. Age-adjusted rate for total mortality, by standard used or age adjustment: United States, 1968-88
[Rate per 100,000 population]

Year 1940 1950 1960 1970 1980 1990 WORLD UNIFORM
1968 . . ... ... 743.1 849.8 926.3 995.8 1,290.1 1,232.9 793.2 3,524.1
1969 ... ... 705.9 807.0 879.3 944.6 1,221.6 1,169.0 753.4 3,327.0
1970 ... 714.0 814.1 884.9 948.4 1,211.8 1,166.9 757.4 3,227.3
1971 ..o 679.9 775.5 844.4 909.2 1,174.7 1,125.9 721.0 3,196.0
1972 . ... 698.2 795.6 865.6 931.4 1,198.3 1,150.0 738.4 3,226.9
1973 ... 687.6 783.7 853.0 919.0 1,186.9 1,136.4 727.8 3,217.9
1974 . ... 659.8 752.0 818.6 881.6 1,137.8 1,089.7 698.5 3,080.5
1975 .. 630.8 718.2 780.8 840.3 1,079.2 1,036.2 665.9 2,894.7
1976 . . ... 618.9 705.6 768.5 828.8 1,071.9 1,025.3 654.8 2,913.5
1977 .o 600.9 684.0 744.3 803.1 1,036.4 992.4 634.0 2,805.1
1978 . . ... 592.7 675.0 735.0 794.2 1,028.7 983.2 625.6 2,802.1
1979 . ... 577.6 657.5 715.7 773.1 1,000.5 956.9 609.2 2,716.4
1980 . . ... ... 583.7 665.1 725.1 785.4 1,023.8 976.2 616.0 2,814.7
1981 ... 566.5 645.3 703.2 761.5 993.4 946.2 597.6 2,729.3
1982 . . ... 554.0 632.0 689.5 747.1 973.3 929.0 583.9 2,674.0
1983 . ... 551.0 629.4 687.6 746.5 976.5 930.9 580.8 2,704.6
1984 ... 546.1 623.9 681.7 740.9 971.7 925.4 575.5 2,701.5
1985 . ... 546.7 624.9 683.2 743.2 978.3 930.3 576.6 2,736.4
1986 . .. ... ... ... 542.1 618.8 675.9 735.3 968.4 920.9 570.9 2,705.2
1987 .. 536.0 611.9 668.3 727.3 959.2 911.8 564.5 2,685.9
1988 . ... ... 536.2 612.3 669.0 728.6 964.0 915.2 565.2 2,712.4
Table 4. Weights derived from alternative standards for age adjustment of mortality statistcs, by age: United States, 1988

Age 1940 1950 1960 1970 1980 1990 WORLD UNIFORM
Under 5 years. . ....... 0.0801 0.1073 0.1133 0.0844 0.0717 0.0769 0.120 0.0556
59years ........... 0.0811 0.0876 0.1042 0.0982 0.0724 0.0745 0.100 0.0556
10-14vyears. . ........ 0.0892 0.0738 0.0935 0.1023 0.0795 0.0673 0.090 0.0556
15-19years. . .. ...... 0.0937 0.0705 0.0737 0.0938 0.0920 0.0680 0.090 0.0556
20-24years. . ........ 0.0880 0.0763 0.0602 0.0806 0.0932 0.0744 0.080 0.0556
25-29vyears. .. ....... 0.0843 0.0813 0.0606 0.0663 0.0858 0.0862 0.080 0.0556
30-34years. ......... 0.0778 0.0765 0.0666 0.0562 0.0774 0.0881 0.060 0.0556
35-39years. . ........ 0.0725 0.0746 0.0696 0.0547 0.0613 0.0801 0.060 0.0556
40-44 years. ... ...... 0.0667 0.0677 0.0647 0.0590 0.0511 0.0715 0.060 0.0556
45-49 years. . ... ..... 0.0627 0.0601 0.0607 0.0596 0.0481 0.0560 0.060 0.0556
50-54 years. ......... 0.0551 0.0548 0.0536 0.0546 0.0510 0.0457 0.050 0.0556
55-59vyears. ......... 0.0444 0.0479 0.0470 0.0491 0.0506 0.0418 0.040 0.0556
60-64 years. . ........ 0.0359 0.0401 0.0398 0.0424 0.0442 0.0425 0.040 0.0556
65-69years. ......... 0.0289 0.0331 0.0349 0.0344 0.0384 0.0400 0.030 0.0556
70-T4years. ......... 0.0195 0.0226 0.0264 0.0268 0.0298 0.0322 0.020 0.0556
75-79years. ......... 0.0114 0.0143 0.0170 0.0189 0.0210 0.0251 0.010 0.0556
80-84years. ......... 0.0059 0.0074 0.0088 0.0112 0.0128 0.0164 0.005 0.0556
85 years and over . . . ... 0.0028 0.0038 0.0052 0.0074 0.0198 0.0133 0.005 0.0556
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Table 5. Measures of trend for total mortality and mortality from selected conditions, by standards used for age adjustment: United

States, 1968-88

Condition and measure 1940 1970 1980 1990 WORLD UNIFORM
Total mortality
Percentchange. . . ... ......... -27.9 -27.0 -25.6 -26.0 -28.2 -24.3
Annual percent changel . . . ... ... -1.6 -1.6 -15 -15 -1.6 -1.4
Slope? . ... -10.6 -135 -16.1 -16.0 -11.1 -32.8
Slope/intercept (percent). . . . ... .. 1.7 1.6 15 15 1.7 1.4
Ischemic heart disease
Percentchange. . . . ... ........ -51.7 -50.5 -49.1 -49.7 -51.1 -48.0
Annual percent change! . ... ... .. -3.6 -3.5 -3.3 -3.4 -3.5 -3.2
Slope? . .. ... ... -8.3 -12.0 -15.9 -15.4 -8.6 -38.1
Slope/intercept (percent). . . . ... .. 4.1 4.0 3.8 3.9 4.0 3.7
Cancer
Percentchange. . . . ... ........ 2.4 4.6 5.6 55 29 8.3
Annual percent changel . . . ... ... 0.1 0.2 0.3 0.3 0.1 0.4
Slope? . ... ... 0.2 0.5 0.7 0.7 0.3 2.2
Slopel/intercept (percent). . . ... ... 0.1 0.3 0.3 0.3 0.2 0.5
Alzheimer's disease

Percentchange. . ... .......... 2,212.5 3,347.4 4,716.6 4,523.3 2,405.2 8,360.3
Annual percent . . ... ... ... ... 17.0 19.4 214 211 17.5 24.8
Slope? . . ... 0.2 0.4 0.5 0.5 0.2 1.6
Slope/intercept (percent). . . . ... .. 16.9 18.3 19.4 19.2 17.2 20.6
Chronic obstructive pulmonary disease

Percentchange. . . . ........... -11 4.9 7.8 8.3 -1.0 16.0
Annual percent changel . . . ... ... -0.1 0.2 0.4 0.4 -0.1 0.7
Sloped . . ... -0.2 -0.1 0.0 0.0 -0.2 0.8
Slope/intercept (percent). . . . ... .. 0.5 0.1 0.0 0.0 0.5 0.5

lAssuming uniform change over years.
2|l slopes were statistically significant, p < 0.01.
3No slopes were statistically significant, p > 0.05.

Table 6. Ratio of age-adjustment rate using 1990 standard to
age-adjustment rate using 1940 standard for total mortality, by
sex, race, and sex-race group: United States, 1968 and 1988

Ratio Percent difference
between 1940
Characteristic 1968 1988 and 1990 standards
Female.................. 1.78 1.82 2.3
Male . .................. 1.62 1.70 4.9
White . . . ... ... 1.72 1.76 2.3
Black . . . ................ 1.42 1.52 7.0
White female . . .. ..... ... .. 1.84 1.86 2.2
Whitemale . .............. 1.66 1.74 4.8
Black female . .. ........... 1.47 1.61 9.5
Black male. . . . ............ 1.40 1.49 6.4
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Table 7. Sex, race, and sex-race ratios produced by 1990 and
1940 standards for age-adjustment of mortality statistics: United
States, 196888

Difference
Standard between
1940 and
1990
Ratio and year 1940 1990 standards
Ratio Percent
Black-white
1968 . . ... .. ... 1.55 1.29 17.1
1988 ... ... 1.56 1.35 13.4
Male-female
1968 .. ... ... .. 1.74 1.59 8.7
1988 . .. ... 1.74 1.62 6.8
Black-white, male
1968 . .. ... ... 1.48 1.23 15.8
1988 .. ... 157 1.35 14.1
Black-white, female
1968 .. ... ... ... 1.67 1.34 20.1
1988 . .. ... 1.57 1.35 129

Table 8. Mean and maximum change in ranking of States for Ischemic heart disease mortality for each standard used for age adjustment
compared with 1940 standard: United States, 1968—-87

1950 standard 1960 standard 1970 standard 1980 standard 1990 standard
Year Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum
1968 . .. ... ... ... 0.6 2 1.1 5 1.6 6 3.0 10 2.6 8
1969 ... ... 0.6 4 1.0 5 15 6 2.6 13 2.3 13
1970 . .. ... 0.4 1 0.7 3 1.3 8 2.7 13 2.1 10
1971 ... 0.8 3 1.3 5 19 5 3.2 10 25 9
1972 . ... 0.5 3 1.0 4 1.5 7 2.7 11 2.2 11
1973 ... 0.6 3 12 4 16 7 3.0 12 25 8
1974 ... ... 0.7 5 1.1 5 1.6 6 2.8 12 2.2 8
1975 . ... 0.8 3 14 6 1.8 7 2.9 12 2.6 10
1976 . .. ... ... 0.7 2 1.0 3 1.5 6 2.9 12 2.2 10
1977 ..o 0.4 2 0.7 4 0.9 6 2.2 8 1.6 7
1978 . .. ..o 0.3 2 0.7 3 1.1 3 2.4 8 1.9 8
1979 ... 0.5 3 1.1 6 16 6 3.4 11 2.9 11
1980 . .. ... ... 0.5 3 1.1 4 1.7 5 3.0 12 2.6 8
1981 . ... 0.7 3 14 4 2.1 6 4.0 11 3.2 9
1982 . .. ... 0.5 2 1.1 5 1.9 7 3.6 11 2.7 8
1983 . ... 0.5 3 1.0 5 15 7 3.1 11 24 9
1984 . .. ... 0.5 3 1.0 4 15 8 34 13 25 10
1985 .. ... 0.6 3 11 4 16 5 35 12 2.7 8
1986 . .. ... ... 0.5 3 1.0 4 1.4 6 31 18 25 15
1987 ... 0.5 3 1.2 7 2.2 10 4.2 15 35 12
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Table 9. Multiple regression results on effect of standard used for age adjustment and
year on ranking of States for Ischemic heart disease mortality, by State: United States,
1968-87

Calculated
Slope for Slope for change
State Intercept standard year in rank
Alabama . . . .................. 36.419 0.836 0.473 -4.2
Alaska . . .................... 45.214 0.824 0.594 -4.1
AfzONa. . . .o 44.179 -0.331 0.510 1.7
Arkansas. . . .................. 37.795 0.599 0.339 -3.0
California. . . . ................. 28.074 -1.123 -0.187 5.6
Colorado. . .. ................. 43.681 -0.816 0.103 4.1
Connecticut . . . . ............... 25.633 -1.490 0.287 7.5
Delaware. . . . ................. 17.831 0.384 -2.822 -1.9
Washington, D.C. . .. ............ 34.576 0.923 -2.209 -4.6
Florida . . .................... 34.074 -0.253 0.562 1.3
Georgia . . ... 19.457 1.727 0.057 -8.6
Hawaii . ..................... 44.550 -0.230 -0.709 1.2
Idaho. . ........ ... . ... ..... 45.433 -0.390 0.174 2.0
inois. . . .................... 7.726 -0.417 -0.143 21
Indiana. . . ................... 14.710 0.223 0.883 -1.1
lowa. . . ...... ... . .. 29.219 -0.254 0.043 1.3
Kansas. ..................... 29.836 -0.434 0.171 2.2
Kentucky. ... ................. 13.764 0.144 0.357 -0.7
Louisiana. . . .. ................ 12.848 1.054 -0.332 -5.3
Maine. . .. ........ ... ... .. 9.636 0.006 0.074 0.0
Maryland. . . .. ................ 25.931 -0.046 -2.912 0.2
Massachusetts . . ... ............ 24.160 -0.887 1.072 4.4
Michigan. . . .................. 8.381 -0.236 0.461 1.2
Minnesota . . . ................. 33.783 -0.080 0.032 0.4
Mississippi. . . ..o 29.910 0.853 -0.053 -4.3
Missouri . ... ... 21.333 -0.580 0.555 2.9
Montana . . . .................. 45.598 0.044 0.447 -0.2
Nebraska . ................... 36.941 -0.433 0.754 2.2
Nevada. . .................... 32.302 0.286 -0.398 -1.4
New Hampshire . .. ............. 19.948 -0.076 0.240 0.4
New Jersey . . . ................ 2.821 -0.099 -0.002 0.5
New Mexico. . . . ............... 50.714 -0.076 -0.021 0.4
New York . ................... 5.069 -0.474 0.378 24
North Carolina . . . .............. 11.545 0.889 0.203 -4.4
North Dakota . . .. .............. 35.050 -0.370 0.308 1.9
Ohio . ....... ... ... . . . ... 7.279 0.059 0.416 -0.3
Oklahoma . . . ................. 23.824 0.207 1.255 -1.0
Oregon. . . ... 37.438 -0.229 0.668 11
Pennsylvania . . . ............... 7.357 —0.053 -0.398 0.3
RhodeIsland . . ... ............. 4,531 -0.336 0.062 1.7
South Carolina . .. .............. 12.524 1.477 -0.546 7.4
SouthDakota. . ................ 29.943 -0.857 0.695 4.3
Tennessee. . .. ................ 19.002 0.286 0.096 -1.4
Texas. . . ..o 45.121 0.061 0.109 -0.3
Utah. . . ... ... .o 48.445 -0.311 0.002 1.6
Vermont . . ......... .. ... ... .. 20.071 0.021 -0.597 -0.1
Virginia. ... ... 17.850 0.710 -0.770 -3.6
Washington . . . . .......... ... .. 36.645 -0.451 -0.729 2.3
West Virginia . . . . ........ ... ... 4.812 0.389 0.318 -1.9
Wisconsin . . ... ... 19.748 -0.986 0.519 4.9
Wyoming. . ... ... 33.269 0.316 -0.386 -1.6

NOTE: Fitted values are shown for average change in rank using 1990 standard compared with 1940 standard, controlling for
year.
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Table 10. Ranking of leading causes of death, by standard used for age adjustment: United States, 1988

Cause 1990 1980 1970 1960 1950 1940 WORLD UNIFORM
Diseases of the heart . . . . ... ....... 1 1 1 1 1 1 1 1
Malignant neoplasm. . . . .. ......... 2 2 2 2 2 2 2 2
Cerebrovascular disease . . . . ........ 3 3 3 4 3 4 4 3
Accidents . . . ..... ... ... ... ..., 4 4 4 3 4 3 3 6
Chronic obstructive pulmonary disease. . . 5 6 5 5 5 5 5 5
Pneumonia and influenza . . ... ... ... 6 5 6 6 6 6 6 4
Diabetes . . .. .................. 7 7 7 7 8 8 8 8
Suicide. . . ... ... .. 8 8 8 8 7 7 7 12
Chronic liver disease . . .. .......... 9 10 9 9 9 9 9 11
Atherosclerosis . . . ... ... .. ... ... 10 9 12 13 14 14 14 7
Nephritis. . . .. ... ... .. ... .. ... 11 11 11 11 11 12 11 9
Homicide. . . .. ................. 12 13 10 10 10 10 10 13
Septicemia. . . . . ... 13 12 13 12 13 13 13 10
Human immunodeficiency virus. . . . . . .. 14 14 14 14 12 11 12 14
Table 11. Percent difference between crude rate and age-adjusted rate, for total mortality by standard used for age adjustment: United
States, 1968-88
Year 1940 1950 1960 1970 1980 1990 WORLD UNIFORM
Percent difference
1968 . . .. 23.2 12.2 4.2 -2.9 -33.4 -27.5 18.0 -264.3
1969 . .. 23.0 12.0 4.1 -3.0 -33.3 -27.5 17.8 -263.0
1970 . . . 24.3 13.7 6.2 -0.5 -28.4 -23.7 19.7 —242.1
1971 . o 26.4 16.1 8.6 1.6 -27.2 -21.9 22.0 -246.0
1972 . e 25.7 15.3 7.9 0.8 -27.6 -22.4 21.4 -243.5
1973 L 26.4 16.1 8.7 1.7 -27.0 -21.6 221 -244.3
1974 . . e 27.3 17.2 9.8 29 -25.3 -20.0 23.1 -239.4
1975 . o 28.3 18.3 11.2 4.5 -22.7 -17.8 24.3 -229.1
1976 . . . 29.6 19.7 12.6 5.7 -22.0 -16.7 25.5 -231.5
1977 30.6 21.0 14.1 7.3 -19.7 -14.6 26.8 -223.9
1978 . . 31.7 22.2 15.3 8.5 -18.5 -13.3 27.9 -222.8
1979 . oo 32.3 23.0 16.2 9.4 -17.2 -12.1 28.6 -218.3
1980 . . .. 33.5 24.2 17.3 10.5 -16.7 -11.3 29.8 -220.9
1981 . . 34.3 25.2 185 11.7 -15.2 -9.7 30.7 -216.4
1982 . . 35.1 25.9 19.2 12.4 -14.1 -8.9 31.6 -213.4
1983 .. 36.2 27.1 20.3 135 -13.1 -7.8 32.7 -213.3
1984 . .. 36.7 27.7 20.9 14.1 -12.7 -7.3 33.3 -213.3
1985 . ... 37.4 28.5 21.8 14.9 -12.0 -6.5 34.0 -213.2
1986 . . . .. 37.9 29.1 225 15.7 -11.0 -5.5 34.6 -210.0
1987 .o 38.5 29.8 233 16.5 -10.1 -4.6 35.2 -208.2
1988 . .. 39.2 30.5 24.1 17.3 -9.4 -3.8 35.9 -207.8
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Chapter 7
Use of age-adjusted disease
rates for cancer

by Edward J. Sondik, Ph.D., Division of
Cancer Prevention and Control, National
Cancer Institute

In a recent report commissioned by the Senate Appro-
priations Committee, the adequacy of measures of progress
against cancer was assessed (1,2). The report, written by
an extramural committee and facilitated by the National
Cancer Institute (NCI), divided cancer measures into two
types, direct and indirect. Cancer incidence, mortality, and
survival were considered direct measures because they
measure different dimensions of the extent of the disease
in the population. Indirect measures include a variety of
other measures such as smoking and other risk factor
prevalence, screening rates, and dietary patterns. The
Committee felt that mortality is the most important of
these measures; in essence, it is the bottom line of the
fight against the disease. In turn, it is the trend in
mortality—and in incidence and survival—that chronicles
the impact of the National Cancer Program.

Influence of age on direct measures

Age is closely tied to cancer incidence and mortality,
and as the higher ages predominate in the population, the
crude rate of cancer incidence and mortality will rise, all
other factors remaining constant. Because cancer inci-
dence and mortality are so strongly linked to age (table 1),
as we analyze trends in the direct measures of cancer, it is
essential to “decouple” the effect of age from all other
effects, particularly the effects of cancer prevention and
control programs and the effects of known (and unknown)
etiologic agents. As noted in the report on measures of
cancer (1,2), there are several issues with respect to the
use of age adjustment of cancer data, including:

e The choice of base year, the topic of this workshop.

¢ Whether the adjustment procedure should include
period and cohort effects, some procedure is essential
to account for the influence of population size and the
aging of the population. To not account for these
factors may lead to very different conclusions. Table 2
shows the quantitative effect on percent change in
mortality of using the number of deaths, the crude
rate, and the age-adjusted (to 1970) rate to assess
change over time. Clearly all three are valid measures,
but each measures something different.

NCI uses of age-adjusted cancer rates

NCI uses age-adjusted cancer data for a humber of
different purposes. For example:

» Each year NCI publishes an extensive statistical review
that examines trends in the incidence, mortality, and
survival of cancer (3). The incidence and mortality
data are all age adjusted to 1970.

* We have stated our goals for the year 2000 (developed
in 1985) in terms of age-adjusted rates, in this case age
adjusted to the 1980 U.S. population.

 NCI makes a number of comparisons among States,
regions, socioeconomic groups, etc., almost always
doing so using age-adjusted rates. For the recently
published atlases of U.S. cancer mortality among white
persons and persons of other races for the period
1950-80, 1960 was used as the base year (4,5).

In summary, age-adjusted incidence and mortality
rates coupled with relative survival rates (not age ad-
justed) are the primary measures NCI uses to report
trends in cancer and thereby assess changes in the pat-
terns and burden of cancer.

Desirable characteristics of measures of
cancer

In general, the desirable characteristics of cancer
measures are as follows:

We seek measures that will remove, to the greatest
extent possible, the influence of a changing age distri-
bution.

» Secondly, measures of cancer should reflect the cur-
rent magnitude of the problem as much as possible.
We would like to be able to compare age-adjusted
rates across cancer sites and obtain an assessment of
the relative impact of different cancers. The same
holds true for comparing cancer rates with the rates of
other diseases. Therefore, one would hope that if age
adjustment is used, the base year would be as close to
the current year as practical.
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Clearly, the absolute numbers of cases and deaths
provide some of the best measures of the direct impact of
the disease, but trends in cases and deaths are confounded
by the changing age distribution.

Rationale for using 1970 as the base year

As noted, NCI uses 1970 as the standard for age
adjustment of incidence and mortality trends. Our ratio-
nale is that 1970 was the most recent census year prior to
the start of the SEER (Surveillance, Epidemiology, and
End Results) Program. The SEER Program is a set of
population-based cancer registries collecting information
on cancer incidence and survival from a selected set of
regions comprising about 10 percent of the U.S. popula-
tion. NCI uses the series of data collected from SEER,
coupled with national mortality data, as the data base for
trends on incidence and mortality.

Age adjustment of cancer-related data

Choice of base year

The following figures show the impact of the choice of
a base year on cancer mortality rates per 100,000 persons:

1986 mortality rate:

Crude 194.7
Adjusted to 1970 171.3
Adjusted to 1940 133.2

The deemphasis on the older populations in the 1940
base year is particularly troublesome to NCI. Because
persons 65 and over account for more than 50 percent of
cancer cases and deaths from cancer, changes in the
age-specific rates for those 65 and over (either increases
or decreases) are not fairly reflected through the 1940
base year measure. One also could argue that those 65 and
over are not fully accounted for through the 1970 base
year measure as well. | would not debate that point. In
fact, a more recent year, 1980, is a more appropriate base
year at this time.

Relative survival

In the past NCI has not adjusted relative survival data
for age. The definition of relative survival and the methods
used by NCI to calculate the measure estimate an essen-
tially age-independent measure of the force of mortality
resulting solely from a particular form of cancer. Yet we
know from analyzing data by specific age groups that
relative survival may differ significantly by age for some
cancers. For example, recent 5-year relative and observed
survival rates for kidney and renal pelvis cancer are shown
in table 3. As NCI extends its series of survival data, the
question of whether to adjust for age effects may become
an issue.
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Rates of change

Over the last few years NCI has made considerable
use of the percent change in incidence and mortality
calculated from the age-adjusted rates. The percent change
is usually calculated over the full range of the period for
which the SEER data are available, 1973-88 in the latest
report. We have also used the equivalent measure of the
estimated annual percent change. The choice of base year
for age adjustment will influence the magnitude of change
of these measures.

Use of age-adjusted figures in establishing disease
prevention and control objectives

In 1985 NCI set cancer prevention and control objec-
tives for the year 2000 for smoking prevalence, dietary
change, screening rates, and the adoption of state-of-the-
art treatment regimens. Our analysis of the impact on
cancer incidence and mortality rates of achieving these
objectives was based on rates age adjusted to the base year
1980. The reason for selecting 1980 was not only to
remove the effects of the changing age distribution of the
population, but at the same time, to keep the rates related
as much as possible to the current magnitude of the
problem.

Use of age-adjusted figures in reporting smoking
data

Smoking is the cause of some 30 percent of all cancer
deaths. Therefore, a key measure of the Nation’s progress
toward reducing the burden of cancer is the smoking
prevalence rate. Several years ago | was surprised to see
age-adjusted figures reported as the primary measure of
trends in smoking. The question | would raise is whether
these figures should be age adjusted at all, at least as a
primary measure. We age adjust cancer incidence and
mortality rates to eliminate an uncontrollable factor driv-
ing the trends in the cancer rates. It is not in our power to
change the age distribution of the population and thereby
bring cancer incidence rates down. On the other hand, it is
within the realm of possibility to drastically change the
smoking rates in the United States. A smoke-free or
nearly smoke-free society is a distinct possibility. Because
we can affect smoking behavior, or at least individuals can
affect their own smoking behavior, regardless of age, the
use of age-adjusted figures masks an important aspect of
smoking data. When we at NCI report smoking data, we
generally do not age adjust the rates. | would make the
same conclusion for other behaviors that, although tied to
age, are not dictated by age.

Summary

The use of 1940 as the base year for age adjustment in
these NCI applications seems problematic. It is more than
a half century away from today and 60 years from the year
2000. The age distribution today is very different from the
age distribution of the 1940’s in terms of implications for



the burden of cancer. If cancer control or disease preven-
tion objectives are to stimulate actions toward prevention,

the associated measurements must reflect the magnitude
of the problem and changes in this magnitude as accu-
rately as possible. Age adjustment to the year 1940 will not
reflect changes in incidence or mortality rates as accu-
rately as an adjustment to a more recent base year.

In some discussions prior to the publicationHdalthy
People 200(6), it was suggested that the crude rate would
be the most appropriate measure in which to couch the
objectives. Although this may seem an anathema to some,
it may have been the most appropriate solution. A quick
study would be sufficient to assess the impact of expected
changes in the age distribution of the United States from
1990 to 2000 on measures of the various objectives out-
lined in Healthy People 20Q0It may turn out that any
change in the age distribution has minimal effect on the
measures of the objectives compared with the effect of
changes projected from the various prevention regimens.
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Table 1. Age-specific incidence and mortality cancer rates, by
age: United States, 1983-87

[All rates per 100,000 persons]

Age Incidence Mortality
Under5years. . . ........... 18.8 3.9
5-9years . ........... ... 1.1 3.9
10-14years. . . ............ 11.4 3.4
15-19vyears. . ... ... ... 20.0 4.9
20-24years. . .. ... 30.3 5.9
25-29years. . . ... 47.7 9.1
30-34years. . ............. 79.1 16.1
35-39years. . . ... 129.1 29.9
40-44years. . .. ... 211.0 58.8
45-49years. . . ... 335.0 114.9
50-54years. . ............. 514.3 210.0
55-59years. . .. ... ... .. 795.3 346.0
60—-64years. . ............. 1,148.9 514.3
65-69years. . . .......... .. 1,574.2 735.9
70-74years. . ............. 1,967.1 966.9
75-79years. . ... 2,286.6 1,187.2
80-84years. . ............. 2,500.5 1,432.0
85yearsandover . .......... 2,383.3 1,618.0

SOURCE: National Center for Health Statistics, National Cancer Institute.

Table 2. Number of deaths, crude death rate, and age-adjusted
death rate, by age: United States, 1970-87

Number of Crude Age-adjusted
Year deaths!  death rate death rate?
1970 . ... 331,000 162.8 162.8
1980 . o oo 417,000 183.9 168.1
1987 ... 477,000 195.9 1715
Percent change
1970-87 . . . ... +44.1 +20.3 +5.4

SOURCE: National Center for Health Statistics, National Cancer Institute.

Table 3. Five-year relative and observed survival rates for kidney
and renal pelvis cancer, by age: United States, 1982—-87

[All rates per 100,000 persons]

Age Relative Observed
Allages . ................ 53.2 44.3
Under45years. . ........... 71.9 71.2
45-54years. . .. ... ... ... 57.9 55.7
55-64years. . ............. 56.0 51.2
65-74years. . .. ... ... ... .. 48.1 39.6
75yearsandover . .......... 39.7 24.0

SOURCE: National Center for Health Statistics, National Cancer Institute.
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Chapter 8
Age adjustment for the year
2000 health objectives

by Michael A. Stoto, Ph.D., Institute of
Medicine

Introduction

Choosing the proper procedure for age adjustment of
vital rates is complex. The choice involves both scientific
and practical issues. Moreover, vital rates constitute an
important aspect of communication with the public and
decisionmakers about the health status of the American
population.

In Healthy People 200@1), for instance, the vast but
often hidden potential of health promotion and disease
prevention is recognized by presenting in concrete statis-
tical terms the health status gains that can be expected
from health promotion and disease prevention activities.
Stating objectives for the future in quantitative terms
portrays the benefits of prevention in a way that can lead
to action now. If this process is to be successful, statistical
presentations of progress toward the objectives must be
meaningful and accurate. In considering whether and how
to standardize, therefore, it is important to have in mind a
few points about the purpose of age adjustment, especially
as it might be used in assessing progress toward the Year
2000 Health Objectives.

Reasons for adjustment

Overall population death rates are essentially weighted
averages of a series of death rates for different age and sex
groups. With “crude,” or unstandardized, death rates, the
weights change as the population ages, so it is impossible
to disentangle changes in age structure from changes in
underlying death rates. For instance, even if there were no
changes in the age-specific cancer rates from 1987 to 2000,
we would expect the death rate to rise from 195.9 to 217.1
per 100,000, an increase of 10.8 percent (assuming the
Census Bureau’'s median population projection for the
United States). Such a change does not indicate progress
toward the objectives, and no one would want to represent
it as such. The problem is not so clear cut when the
age-specific rates change, however. We will likely see a
decrease in the overall cancer mortality rate that reflects a
combination of decreases in age-specific rates plus an
increase corresponding to the aging of the population in

NOTE: The views expressed in this paper are those of the author, not
necessarily those of the Institute of Medicine or the National Academy
of Sciences.

the 1990’s. Because the objectives are aimed at preventing
death and disability, not the aging of the population, we
would like to somehow “subtract out” the changes associ-
ated with population aging. This is one of the main
purposes of age adjustment, or direct standardization.

Standardization serves this purpose well. Applying the
age-specific rates from various years to the 1940 U.S.
population, for instance, shows that while the cancer
death rate increased by 20 percent in crude terms from
1970 to 1987, it increased by only 2 percent when stan-
dardized to the 1940 population. This is illustrated in
figure 1. During the same period, ischemic heart disease
fell by 50 percent in standardized terms but only 36 per-
cent with crude rates.

Another way of looking at this is to see how standard-
ization affects the year 2000 targets. One early draft of the
target for coronary heart disease mortality called for a
33-percent reduction in the rate—that is, a decrease in the
age-adjusted rate from 135.2 to 90.0 per 100,000. Suppose
that this same percentage applied to the ischemic heart
disease death rate, which was 113.9 per 100,000 in 1987
(when adjusted to the 1940 population). If this 33-percent
decrease applied at every age, the standardized target
would be 75.8 per 1,000, and the crude target using the
projected year 2000 population would be 165.6 per 1,000.
The targeted 33-percent decrease at each age is masked by
population aging and looks like only a 21-percent decrease
overall. The adjusted figures thus seem to represent the
anticipated mortality gains more “accurately” and cer-
tainly represent them in a way that is more compelling to
policymakers.

Standardization, however, serves a second and very
different purpose at the same time. Because States and
other geographic areas differ in the age, race, and sex
composition of their population, States with the same
age-, race-, and sex-specific death rates will have different
crude death rates (both overall and cause specific). Simi-
larly, some of the differences that we find among States
and other areas reflect differences in population composi-
tion rather than differences in underlying rates. In setting
their own targets for the year 2000, States will want to look
at the national target as well as current rates of other
States. This comparison makes sense only if differences in
the composition of the national and State populations are
“removed.” If all States are adjusted to the same standard

65



population, standardization provides a bridge from the
national targets to State and local targets.

Finally, we should note that, for some purposes,
standardization might lead to difficulties. Some States and
other areas will want to set priorities among the objec-
tives. Many factors go into such choices, but the current
level of mortality associated with a disease or other health
problem is a major one. Standardized rates can and do
lead to different priorities than the crude rates do. For
example, accidents and adverse effects have a somewhat
higher mortality rate than cerebrovascular diseases when
adjusted to the 1940 population (35.0 versus 29.7 per
100,000), but in absolute terms the cerebrovascular mor-
tality rate is more than 50 percent higher than the acci-
dent mortality rate (61.2 versus 39.5) One might argue
that crude rates accurately reflect the burden of iliness in
a public health sense; they are proportional to the number
of deaths per cause. There are, however, other indexes of
the burden associated with each cause, such as years of
potential life lost.

Choice of a standard population

If death rates are to be standardized, the choice of a
standard can make a substantial difference. Figure 1, for

example, shows the overall cancer death rate in crude
terms and standardized to the 1940 and the estimated
1990 populations. The largest difference is in the level of
the rates; the 1987 rate is fully 50 percent higher (199.9
compared with 132.9 per 100,000) when the 1990 popula-
tion rather than the 1940 population is chosen as the
standard. The choice of standard affects trends as well.
Using the 1990 standard, the cancer death rate increased
by 6.2 percent from 1970 to 1987, but using the 1940
standard, it increased by only 2.3 percent. We cannot say
that either of these standards is “correct” in some abso-
lute sense, but it is important to note that they are
different. We can say that the 1990 standard more closely
reflects the current burden of mortality by cause.
Whatever decision is made about adjustment and
choice of standard, it is important that the decision be
applied consistently to all of the mortality objectives.
Without a common standard, it is impossible to compare
death rates for different causes to get some sense of
priority. For instance, at one point during the drafting of
the Year 2000 Health Objectives, the cancer rates were
adjusted to 1970 and heart disease rates to 1940. The
result was that the overall cancer death rate was higher
than that of coronary heart disease, although the relation-
ship is reversed when using any reasonable standard.

250 e
221.7
. 207.1
200 | PRV RVAVES
1990 standard w¢ X X XX Ty
g XXX KX
s .
8 .
S *
[=%
2 Cruderate . & ¢
§ L 4
S L2 2
=4
2
o 150 —
d
1940 standard
e o e s
gEER Hg W 134.3
120 |—
1
o L | ] | ! | ] |
1965 1970 1975 1980 1985 1990 1995 2000

Figure 1. Crude and adjusted cancer mortality rates for 1970-87 and projected to 2000: United States
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Furthermore, the statisticians who will have to monitor
progress on the objectives at the national, State, and other
levels will have much more difficulty in doing so if dif-
ferent methods of standardization are used in different
priority areas.

A group of statisticians from different Public Health
Service agencies who met last year seemed to approach
some agreement that the death rates should be presented
age adjusted and that the 1940 standard should be used.
Two arguments were put forward. First, the 1940 adjust-
ment would be consistent with the long-term practice of
the National Center for Health Statistics and widespread
use by other groups in reporting death rates. Using this
standard would facilitate the efforts of States trying to
monitor their own progress on the objectives. Second,
using the 1940 population, with its younger age structure,
helps emphasize the levels of preventable mortality that
exist at younger ages. Personally, | am concerned about
this second argument. Although | too would like to see
more attention paid to children’s health problems, | would
like to get there through the front door and not introduce
value arguments into the technical choice of a statistical
standard.

Others argued against adjusting, especially to the 1940
population, because it masks the public health impact of
the levels seen in crude death rates. Note in figure 1 that
the standardized and crude rates agree when a standard
close to the year of the crude rate is chosen. Using the
1940 standard, the relationship among adjusted cause-
specific death rates is different from that among the crude
rates.

Conclusions

One compromise is to adjust the rates using a more
recent standard population, such as 1990. This would give

a better picture of the current public health impact of the
various diseases (as measured by the relative numbers of
deaths) and would provide the analytical benefits of age
adjustment. The difficulty with using a new standard is
that special calculations would be needed each year to
monitor changes in these rates. Calculating targets and
monitoring changes for States and other subpopulations
probably would be made more complicated by using a new
reference population. However, if the Centers for Disease
Control and National Center for Health Statistics are
planning to set up a system to report on progress on the
Year 2000 Health Objectives on a regular basis at the
State (and perhaps lower) level, the introduction of this
system by itself is a major change and a major effort. Now
might be just the time to switch all mortality reporting to a
more current standard.

The Healthy People 200@rocess will be successful if
local newspapers occasionally run on their front pages a
small number of statistical charts illustrating progress in
their areas toward meeting the Year 2000 Health Objec-
tives. Such charts, often in the form of time series of
mortality rates, perhaps for a small number of causes, will
provide a rare opportunity to present public health infor-
mation to the public. Thus, it is important that they convey
as much information as accurately as possible. The trend
information will be the same regardless of the standard
population chosen, but the relative importance of the
causes of death will be reasonably accurate only if a
near-current standard population is used as the basis of
the adjustment.

Reference

1. Office of the Assistant Secretary for Health. Healthy people
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Chapter 9

Age adjustment in National
Center for Health Statistics
mortality data: Implications
of a change in procedures

by John E. Patterson, Division of Vital
Statistics, National Center for Health
Statistics

I have been asked to examine some of the practical
implications of changing National Center for Health Sta-
tistics (NCHS) procedures for producing age-adjusted
mortality data. | am very pleased to have this opportunity,
because our division will have the responsibility for imple-
menting any such changes. We also will be responsible for
releasing the data through our annual volumesViaél
Statistics of the United Statesid such widely disseminated
publications as the “Advance Report of Final Mortality
Statistics.” In addition, we respond to a large number of
inquiries regarding our mortality data from Congress,
other components of the Public Health Service, the aca-
demic community, the media, advocacy groups, and the lay
public. Finally, we work closely with our colleagues in the
State health departments in developing standards and
uniform procedures for vital statistics. Whatever the out-
come of our deliberations, the Division of Vital Statistics
will have an important role in implementing, justifying,
and explaining the results.

Three practical considerations are involved in any
possible change in NCHS procedures for producing age-
adjusted mortality data: the level of effort required to
make the change, the price we may pay in terms of
confusing our data users, and the need to prepare a sound
rationale for any change in order to dispel any possible
suspicion that it was motivated by other than scientific
considerations.

Level of effort

If the 1990 census population or a projected popula-
tion were substituted for the 1940 standard, NCHS would
need to prepare ¥ital and Health Statisticseries report
and aMonthly Vital Statistics RepottMVSR) supplement
to explain the rationale for the change and its effect on the
data. This would require a total of about 2.5 person-years
of effort if a new annual series of age-adjusted rates were
prepared using the standard NCHS summary cause-of-
death categories going back to 1960. The level of effort
would be substantially higher if the new rates were pre-
pared for years prior to 1960, because the required data
for the earlier years are not available in machine-readable
form. If NCHS were to implement a new series of rates
based upon a new population standard while retaining and

continuing to publish the series based upon the 1940
standard, it also would be necessary to prepare a series
report and periodic MVSR supplements to provide our
users with ongoing guidance and information relating to
the two series of rates. This would require a total of
approximately 2.75 person-years of effort, assuming the
same level of detail going back to 1960.

Confusion

Modification of current NCHS practices in age-
adjusted mortality data can be expected to result in
considerable confusion among our data users. If the tradi-
tional time series of age-adjusted death rates based on the
1940 standard population is discontinued and a new stan-
dard is instituted, many data users are likely to compare
current rates based on the new standard with earlier rates
based on the old standard. The practice of mixing rates
based on the two different standard populations may be
widespread and persistent, even with strong cautionary
notes in NCHS publications. Our data users will need to
be careful to carry out trend analyses within the time
period for which a single standard population is used but
not across time periods that result in the use of two
different standard populations. Our users also will find
that the results of studies based on the new standards may
not be comparable with the results of earlier studies based
on the old standards.

If a second population standard is adopted while
maintaining the time series based on the 1940 standard,
we will have an even greater potential for confusion. In
addition, our data users are likely to ask us to indicate
which is the “official” or “preferred” series of rates. In
presenting descriptive analyses in our summary publica-
tions such as the “Advance Report of Final Mortality
Statistics,” we will have to decide which standard will be
used for presenting trends and comparisons in order to
avoid having a lengthy, highly redundant text. The choice
of one over the other may suggest to many of our users
that one is better than the other.

We can anticipate that having two NCHS time series
would lead to the accidental mixing of the two series in the
same analysis, or to the selection of the standard that will
give greater emphasis to one set of patterns and trends
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than the other. It is known, for example, that the 1940
standard population—which is younger than the current
population—results in greater emphasis on causes of death
associated with youth, specifically, deaths from homicide
and accidents rather than deaths from chronic diseases.

With a new standard, there probably would be a
transitional period during which some users would con-
tinue to use the older age standard while others would use
the new one. Some State vital statistics offices may be
eager to make the change; others may be reluctant to do
Sso.

To mitigate confusion, NCHS will have to devote
considerable resources and effort to clearly describe any
change in practices and its consequences for analysis and
interpretation of mortality data by a broad range of data
users, from those in the media to academicians with
training in biostatistics, demography, and epidemiology.

Motives and rationale

Questions may also be asked regarding our motives
for making a change in our age-adjustment practices.
Some users may be uncomfortable using a population
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standard that is more than 50 years old, but others may be
bothered even more by a change that does not have
obvious scientific advantages. These users may wonder if
the data are being “manipulated” because of an ulterior
motive.

One effect of changing from the 1940 to a more
current standard such as 1990 is on comparisons of mor-
tality by race. A new standard will tend to narrow the
differences in mortality between the white and black
populations for all causes of death combined and probably
for most causes of death. For example, for all causes of
death combined, the reduction will be from a 50 percent
differential using the 1940 standard to a 33 percent differ-
ential using the 1990 standard. A change in the presenta-
tion of NCHS mortality data could easily raise questions
as to motives for the change.

The public can interpret a change in longstanding
statistical practices as possibly manipulative, obfuscatory,
or politically inspired. For this reason, any change in
practice will require considerable effort on the part of
NCHS to provide a clear and compelling rationale for the
change in order to reassure the public that the reasons for
change are solely of a technical nature.



Chapter 10
Summary and
recommendations

by Manning Feinleib, M.D., Dr.P.H., National
Center for Health Statistics

The workshop on age adjustment proved to be a
stimulating presentation and review of the major problems
in age adjustment that have been discussed on numerous
occasions during the past 150 years.

We have been reminded that because unadjusted
rates can be seriously misleading, there is a clear need for
age adjustment.

It has been demonstrated that the choice of standard
for age adjustment inevitably affects the pattern of any
summary statistic. Nonetheless, while there may be great
differences in the magnitude of various rates, an overall
similarity is manifested in long-term trends regardless of
the standard employed.

We have reviewed statistical as well as nonstatistical
considerations in the selection of standard populations
and discussed the practical implications for implementing
new standards.

Examples were presented to show that for several
causes of death, somewhat different interpretations would
result from different standard populations but the use of
broad age groups might be used to show the differences in
trends that lead to these disparities.

Naturally, individual investigators are free to choose
whatever standard population they feel would most accu-
rately reflect the import of their analyses. In the case of
official statistics, however, there is a need for a common
method and to minimize confusion on the part of data
users, and so we must return to the original question—
what standard population best serves the interest of the
majority of users.

Subsequent to the formal workshop session, a sub-
group of participants (Joel Kleinman, John Patterson, and
Alvan Zarate) volunteered to review the discussions of the
workshop and to prepare a set of recommendations. These
recommendations were then circulated to all of the partic-
ipants for comment. Although everyone felt that the
workshop had clarified the important issues, as might have

been anticipated, there was no unanimity on the recom-
mended standard population. Going with the majority and
trying to balance the cogent minority arguments, the
following recommendations were adopted.

1. NCHS will continue to use the 1940 U.S. population
as the basis for calculating age-adjusted death rates.
This population will be converted into a relative
distribution totalling 1,000,000 and will be referred to
as the “U.S. Standard Million Population.”

2. NCHS will study the following issues that may lead to
the introduction of a new or an additional standard by
the year 2000:

a. The effects on age-adjusted death rates of
using rates for ages 85-94 years and 95 years
and over, in place of 85 years and over in their
calculation.

b. The feasibility of producing tables of trends for
leading causes of death from 1960 to the present
for broad age groupings, and the desirability of
finer age-adjustment within the broad age
groups.

c. The utility and timeliness of producing age-
adjusted rates based on the latest decennial
census.

3. NCHS shall develop suitable technical notes and ex-
pository material concerning the appropriate use of
age adjustment, differences in interpretation from
crude and other rates used in the scientific literature,
and clarification of issues expressed by data users.

4. Other official agencies should use the standard million
population when publishing age-adjusted mortality
rates. Researchers examining unique issues might con-
sider the use of other standard populations when
appropriate and, to minimize confusion, point out this
departure from standard practice.
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Appendix I

Age-specific weights of
age-specific percent
changes assumed in the
computation of percent
changes based on
age-adjusted death rates

by Jeffrey Maurer, M.S., Division of Vital
Statistics, National Center for Health
Statistics

Introduction

While not presented at the workshop, this paper was
developed in conjunction with that prepared by Rosen-
berg, Curtin, Maurer, and Offutt (part Ill, chapter 5) and
considers issues closely related to those discussed by
Gray-Donald (part Il, chapter 3).

It is common practice in the National Center for
Health Statistics (NCHS) to compute percent changes
between two data years based on age-adjusted death rates
by cause of death, race, and sex. This paper demonstrates
that the percent changes based on age-adjusted death
rates are weighted averages of the age-specific percent
changes. The paper also shows that these weights are the
product of the age-specific weights of the standard popu-
lation and age-specific death rates for the base year
divided by the sum of these products. The implication is
that the implicitly used weights for computing percent
changes based on age-adjusted death rates differ by race,
sex, cause of death, and the standard population. Some
comparisons using different weighting schemes of the
age-specific percent changes are made by race and cause
of death using the 1940 and 1990 standard populations.
The results show that percent changes based on age-
adjusted death rates tend to minimize the white-to-black
ratios of the percent changes as compared with other
weighting schemes. There are, also, other differences
among the weighting schemes. Discussions of these impli-
cations may be warranted. Furthermore, and perhaps
more importantly, it is discovered that the weights of the
age-specific percent changes may be used to determine
which age groups contributed the most to the percent
change of two age-adjusted death rates.

Determination of the weights

Let C be the percent change for two age-adjusted
death rates as follows:

where R=age-adjusted rate for thd'tyear and B= the
age-adjusted rate for the base year. Then

dWRi=>WRj 100

C=
YWRp

where R,=age-specific rate for'hyear, Ry=age-specific
rate for base year, and;wage-specific proportion for
standard population (say 1940), whére,=1.
Assume C* is a weighted average of “age-specific
percent changes” as follows:
Rin—Rio
C*=yw*, -100
Rio
As shown below, the following weights (¥ make C*
equal to C:
w,; R

i o

2WiRi

w*=

by substitution,
WiRio Rin—Rio

Cr=y .100

YWiRi Rio
>Wi(Rin—Rio)

2WiRig

Cre .100

2WiR—>WiRj

Cr= 100

2WiRio
C*=C

therefore, the w*are the age-specific weights such that if
the age-specific percent changes were multiplied by these
weights and those results summed over all the age groups,
this would give the same results as computing a percent
change based on two age-adjusted death rates. Therev*

the age-specific weights for the standard population
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(w;) times the corresponding age-specific death rate for
the base year (R divided by the sum of those products.

The same formula is applicable to sex and race ratios
based on age-adjusted death rates, except that the weights
are applied to the age-specific sex and race ratios.

Implication of the weights

What is the implication of this finding? The implica-
tion is that for percent changes based on age-adjusted
death rates, the weights of the age-specific percent changes
will be different for every percent-change comparison
made between races, sexes, or causes of death. This is the
case since in the formula, ww;R//>w;R,, the base-
year age-specific death rates,f)Rare different for each
race, sex, and cause of death.

The next question is, “Are the weights so different as
to produce different results?” The mortality data pre-
sented in the paper by Rosenberg, Curtin, Maurer, and
Offutt (Part Ill, Chapter 5) are used for comparing four
different weighting schemes applied to age-specific per-
cent changes (table 1). (The percent changes shown in
Rosenberg, et al may differ slightly from those in this
paper due to rounding.) These four schemes were used in
conjunction with the 1940 and the 1988 (hereinafter re-
ferred to as 1990) standard populations. The first weight-
ing scheme is the “usual method,” which computes percent
changes based on age-adjusted death rates and, therefore,
implicitly uses different weights for the age-specific per-
cent changes. The second and third schemes, “white
weights” and “black weights,” use the 1968 age-specific
death rates (R) for the white and black populations,
respectively, and the weights for the standard population.
The fourth weighting scheme uses the weights for the 1940
or 1990 standards only.

This paper examines the effects of these four schemes
on the percent changes for all causes, cerebrovascular
diseases, cancer, and homicide for the white and black
populations (table 1). It should be noted that for all
causes for the white population, the “usual method” and
the “white weights” produce the same percent changes
(-10.5), which empirically corroborates the formula for
the w*. Similarly, for the black population, the “usual
method” and the “black weights” have the same percent
change {5.2). These same results occur for the other
causes of death for both the 1940 and 1990 standards.

In general, the “usual method” (based on different
weights) tends to minimize the white-to-black ratio of the
percent changes when compared with the other weighting
schemes (table 1). For example, for the 1940 standard for
all causes, the “usual method” produces a ratio of 2.02
followed by “black weights” (2.23), “1940 weights” (2.44),
and “white weights” (3.75).

It may be noted that for all causes and the 1990
standard, the percent change using “white weights” for
black persons is positive (1.1), while the corresponding
changes for the other three weighting schemes are nega-
tive. This positive percent change occurred because the
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percent distribution of the “white weights” for the age
groups 75-84 years and 85 years and over (28 and 20 per-
cent, respectively) were much higher than for the other
three weighting schemes and these weights were applied
to relatively high positive percent changes for those two
age groups. (Data are based on detailed tables not shown
in this paper.)

The white-to-black ratios differ comparatively little
among the four weighting schemes for cerebrovascular
diseases. This result occurs since the age-specific percent
changes are relatively uniform across all age groups for
white and black persons and, therefore, different weight-
ing schemes have very little effect (tables 1,2).

For cancer, on the other hand, the weighting scheme
can have a major impact on the resulting summary percent
changes. For example, using the 1940 standard, the “1940
weights” produce negative percent changes for white per-
sons (29.2 percent) and black persons2{.3 per-
cent), while the other three weighting schemes produce
positive percent changes. These results occur mainly be-
cause the percent changes for cancer declined for every
age group under age 55 years and increased for every age
group 55 years and over, and because the age groups
under 55 years are weighted heavily by the “1940 weights”
(accounting for 85 percent of the weights). (Data are
based on detailed tables not shown in this paper.) In
contrast, the “white weights” and “black weights” for the
age groups under 55 years account for only 27 and
32 percent, respectively, of the weights and, therefore,
heavier weights are applied to the increasing percent
changes of the age groups 55 years and over.

In addition, the “usual method” for cancer using the
1940 standard produces a percent change for black per-
sons (9.8) that is about four times that for white persons
(2.4), while the “white weights” and “black weights”
produce percent changes for black persons (13.4 and 9.8,
respectively) that are almost six and nine times those for
white persons (2.4 and 1.1, respectively). Comparing these
weighting schemes for the 1940 standard with the 1990
standard for cancer produces similar results, but at a
lower level. The percent changes for black persons are
three to four times the corresponding changes for white
persons.

Similar to cancer, the weighting scheme for homicide
can have a large impact on the summary percent changes.
For example, using the 1940 standard, the “1940 weights”
produced a positive percent change for black persons
while the other three weighting schemes produced nega-
tive percent changes. These results occurred mainly be-
cause the age groups 1-4 years and 5-14 years had very
large percent increases (81.6 and 63.6 percent, respec-
tively), and these age groups are weighted more heavily by
the “1940 weights” than the other weighting schemes.
(Data are based on detailed tables not shown in this
paper.) The results using the “1990 weights” for white
persons are similar. The white-to-black ratio of the per-
cent changes is somewhat higher using the “white weights”
(-1.77) than the “usual method”—.33) or the “black



weights” (-1.33). Similar results occur using the 1990
standard.

Application of weights

Also, it is discovered that there is an important
application of the weights, # Using these weights, it is
possible to determine which age groups contributed the
most to a percent change based on age-adjusted death
rates. The basic principle is that the product of the “white
weights” or “black weights” and the age-specific percent
changes are additive. Since these products are additive,
the percent contribution for an age group can be deter-
mined.

An example that examines the percent change be-
tween 1968 and 1988 of age-adjusted death rates based on
the 1940 standard population for cerebrovascular diseases
by race is shown in table 2. Based on the age-adjusted
death rate, cerebrovascular diseases for white persons
declined 58.4 percent. Table 2 shows that the sum of the
products of the age-specific “white weights” and the
age-specific percent changes gives the same percent change
(-58.4). If each of the age-specific products is divided by
-58.4 and multiplied by 100, the results show the percent
contribution of each age group. Thus, for white persons
the age group 75-84 years contributed the most (35 per-
cent, rounded to the nearest percent) to this decline,
followed by 65—-74 years (29 percent), 85 years and over
(14 percent), 55-64 years (12 percent), 45-54 years (6 per-
cent), and other ages (4 percent). For black persons, the
age group 65-74 years contributed the most (33 percent),
followed by 55-64 years (23 percent), 75-84 years (16 per-
cent), 45-54 years (14 percent), 35-44 years (7 percent),
85 years and over (5 percent), and other ages (3 percent).

Discussion

This paper uncovers the age-specific weights implicitly
used when computing percent changes based on age-
adjusted death rates. The weights are the age-specific
weights for the standard population times the age-specific
death rate for the base year divided by the sum of those
products. The implication is that for percent changes
based on age-adjusted death rates, the weights of the
age-specific percent changes will be different for every
percent-change comparison made between races, sexes, or
causes of death. In other words the percent changes based
on age-adjusted death rates are not standardized. The
weights are different because the age-specific death rates
for the base year are different for each race, sex, and
cause of death. Mortality sex and race ratios based on
age-adjusted death rates are affected in the identical way.
Using four different weighting schemes based on both the
1940 and 1990 standards, somewhat different results are
produced. The author recommends that there be some
discussion on whether or not the differing results are of
practical significance. If it is determined that the contrast-
ing results are of practical significance, then a standard set
of weights would need to be agreed upon. The prospect of
coming to an agreement on such a standard would proba-
bly be as arduous and controversial as agreeing on a
standard for computing the age-adjusted death rate.

There is, however, a less controversial, and, perhaps
even more important, finding in this paper. By discovering
the weights associated with the age-specific percent changes,
it is possible to ascertain the percent contribution of every
age group to the percent change of two age-adjusted death
rates. Thus, for any percent change based on two age-
adjusted death rates, one can determine those age groups
that contributed the most to that change.
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Table 1. Summary of percent changes for selected causes of death using various
age-specific weighting schemes of the age-specific percent changes, by race: United

States, 1968-88

Percent change Ratio of
percent
changes

Weighting scheme and cause White Black (white/black)
All causes
1940 standard:
Using usual method!. . . .. .................. -10.5 -5.2 2.02
Using white weights2. . . . ... ................ -10.5 2.8 3.75
Using black weights3. . . . ... ................ -11.6 -5.2 2.23
Using 1940 weights . . . . ... ... ... ... .. .. ... -13.9 -5.7 2.44
1990 standard:
Using usual method®. . . .. .................. -7.9 -1.7 4.65
Using white weights2. . . . ... ................ -7.9 1.1 -7.18
Using black weights3. . . . .. ................. -9.4 -1.7 5.53
Using 1990 weights . . . . ... ... ... ... .. .. ... -12.7 -4.8 2.65
Cerebrovascular diseases
1940 standard:
Using usual method!. . . .. ......... ... ..... -58.4 -59.0 0.99
Using white weights2. . . . ... ................ -58.4 -55.5 1.05
Using black weights3. . . . ... ................ -58.8 -59.0 1.00
Using 1940 weights . . . . ... ... ... ... ... ... -58.6 -61.8 0.95
1990 standard:
Using usual method!. . . .. .................. -57.4 -56.3 1.02
Using white weights2. . . . ... ................ -57.4 -52.4 1.10
Using black weights3. . . . ... ................ -58.3 -56.3 1.04
Using 1990 weights . . . . ... ... ... ... . . ... -58.3 -61.1 0.95
Cancer
1940 standard:
Using usual method!. . . .. ..... ... ... ...... 2.4 9.8 0.24
Using white weights2. . . . ... ................ 2.4 13.4 0.18
Using black weights3. . . .. ... ............... 1.1 9.8 0.11
Using 1940 weights . . . . ... ... ... . ... ... ... -29.2 -21.3 1.37
1990 standard:
Using usual method!. . . .. .................. 5.9 17.9 0.33
Using white weights2. . . . ... ................ 5.9 22.7 0.26
Using black weights3. . . . ... ................ 45 17.9 0.25
Using 1990 weights . . . . .. .. ... ... ... . .. ... -25.9 -17.2 151
Homicide
1940 standard:
Using usual method!. . . .. .................. 25.6 -19.3 -1.33
Using white weights2. . . . ... ................ 25.6 -14.5 -1.77
Using black weights3. . . . ... ................ 25.6 -19.3 -1.33
Using 1940 weights . . . ... .. ... ... ... ... ... 36.0 4.9 7.35
1990 standard:
Using usual method!. . . .. .................. 23.6 -19.6 -1.20
Using white weights2. . . . ... ................ 23.6 -13.3 -1.77
Using black weights3. . . . ... ................ 24.2 -19.6 -1.23
Using 1990 weights . . . . ... ... ... ... .. .. ... 32.2 4.8 6.71

lpercent change is based on age—adjusted death rates. As a result, the age—specific weights of the age—specific percent
changes for the white and black populations are different.
2The white age—specific weights are WisRisa/I WisoRiss and WigoRigs/S WisoRigs for the 1940 and 1990 standard populations,
respectively. The Rigg are the death rates for the white population.
3The black age-—specific weights are wizgRieg/Y WisgRieg for the 1940 standard and wiggRigg/Y WigoRieg for the 1990 standard. The

Rigg are the death rates for
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Table 2. Percent contribution by age of percent changes based on age-adjusted death rates for cerebrovascular diseases, by race: United States, 1968 -88
[Rates per 100,000 population. Age-adjusted death rate based on 1940 standard population]
85
Age- years
adjusted Under 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 and
Rate, weighting scheme, and race rate Total 1 year years years years years years years years years years over
Rate
White:
Rates for 1968 (Rigg) - - « - - v v v v v v v vt 66.2 4.5 0.8 0.7 15 3.6 12.0 35.1 101.3 375.0 1,3125 3,698.6
Ratesfor1988 . .. ................ 27.5 . 3.0 0.3 0.2 0.7 1.7 5.0 14.9 43.3 142.3 542.0 1,739.4
Percentchange. . . . ................ -58.4 -33.3 -62.5 -71.4 -53.3 -52.8 -58.3 -57.5 -57.3 —-62.1 -58.7 -53.0
Black:
Rates for 1968 (Rigg) - -« « « « v v v v oo v 125.8 9.3 13 0.8 3.6 14.7 56.4 139.4 339.5 795.9 1,442.4 2,676.1
Ratesfor1988 . .. ................ 51.5 ce 8.8 0.6 0.3 1.0 6.0 21.9 53.6 124.2 290.6 736.5 1,445.4
Percentchange. . . . ................ -59.0 -54 -53.8 —62.5 —72.2 -59.2 —-61.2 —-61.5 —-63.4 —-63.5 —-48.9 —-46.0
Using 1940 as a standard
1940 standard weights (Wigo) - -+« « o o v o .. 1.000000 0.015343  0.064718 0.170355 0.181677 0.162066  0.139237 0.117811  0.080294  0.048426 0.017303  0.002770
Percent distribution . . . .. ... ... ... 100.00 1.53 6.47 17.04 18.17 16.21 13.92 11.78 8.03 4.84 1.73 0.28
White weights:

(Wizowhite Rigg/(3WisorWhite Rigg)). . . . . . . 66.2 - 0.069044 0.051774 0.119249 0.272516 0.583438 1.670844 4.135166 8.133782 18.159750 22.710188 10.245122
Distribution of weights . . . .. .......... 1.000000 0.001044  0.000783  0.001803 0.004120 0.008820  0.025258  0.062511  0.122958  0.274520 0.343309  0.154875
Percent distribution . . . . ... .. ... ... .. 100.00 0.10 0.08 0.18 0.41 0.88 2.53 6.25 12.30 27.45 34.33 15.49
Black weights

(WizoeblackRigg/(S WisorblackRigg)) - - - - . . . 125.8 ... 0.142690 0.084133 0.136284 0.654037 2.382370 7.8529671 6.4228532 7.2598133 8.5422532 4.957847  7.412797
Distribution of weights . . . .. .......... 1.000000 0.001134  0.000669  0.001083  0.005197 0.018931  0.062400 0.130497 0.216609  0.306260 0.198317  0.058903
Percent distribution . . .. ..... ... .. ... 100.00 0.11 0.07 0.11 0.52 1.89 6.241 3.052 1.66 30.63 19.83 5.89

White
(using white weights)
Contribution to percent change. . . . ... ... -58.4 -0.03 -0.05 -0.13 -0.22 -0.47 -1.47 -3.60 -7.04 -17.03 -20.15 -8.20
Percent contribution. . . .. ...... ... ... 100.0 0.1 0.1 0.2 0.4 0.8 25 6.2 12.1 29.2 345 14.0
Black
(using black weights)
Contribution to percent change. . . . ... ... -59.0 -0.01 —-0.04 -0.07 -0.38 -1.12 -3.82 -8.03 -13.74 -19.44 -9.71 -2.71
Percent contribution. . . ... ........... 100.0 0.0 0.1 0.1 0.6 1.9 6.5 13.6 23.3 32.9 16.4 4.6
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