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Abstract: Using a new model which allows for projection of
mortality change resulting from preventive health care measures,
prospective changes in longevity for the resident United States
population in 1978 were compared with projections oflongevity gains
occurring under a standard single cause-elimination model. Results
indicate that equal or greater gains accrue from the prevention or

Introduction

Research indicating that the hypothetical elimination of
a single major degenerative cause of death would lead to only
relatively small gains in life expectancy at birth'"3 has been
challenged by Schatzkin.4 He suggested that because degen-
erative diseases share common risk factors,5'6 and
simultaneous/multiple cause-elimination models would yield
relatively substantial gains in life expectancy as a result of
improved livestyles and preventive health care measures, we
have reason for optimism. The main issue of interest,
however, as Keyfitz7 has pointed out, should not be optimism
vs pessimism or the exact location of the biological limit to
life,8 but what direction should be taken by scientific re-
search, and public health measures, to ensure that both
mortality and morbidity are compressed into advanced ages
at nearly the same rate in the future.9"0

Until recently, the only way to assess the relationship
between improving life conditions, advances in medical
technology, and prospective gains in life expectancy was to
use extrapolation models based upon past trends in overall or
cause-specific mortality.'"-4 These models have been criti-
cized because of their inability to realistically model the
relationship between multiple risk factors and dependency
among various causes of death.* Recent developments in the
modeling of mortality change, however, provide for more
valid estimates of the demographic consequences of
delaying** or preventing degenerative causes of death. 5
These are referred to as cause-delay models for projecting
mortality. In this study, gains in longevity resulting from the
hypothetical elimination of selected degenerative diseases
are compared to projected gains in longevity using this new
model.

Methods
Details of the rationale and assumptions of the delay

methodology, including assumptions about delays in selected
causes of death, may be found in Olshansky* and in Manton
et al, 15 (see Appendix). The premise here is that prospective

*Olshansky SJ: A social epidemiological model for projecting prospective
mortality change. Department of Sociology, University of Utah. Submitted for
publication.

**In this paper, the term "delay" is considered preferable to "preven-
tion", since it is more realistic to expect that preventive health care measures
will redistribute the risk of dying from degenerative diseases from younger to
older ages, rather than reducing the risk to zero.
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delay of several major degenerative diseases, than from the complete
elimination of some single major degenerative diseases. Observed
declines in mortality from 1960 to 1978 have resulted in gains in
longevity equivalent to the successful elimination of some major
degenerative diseases. (Am J Public Health 1985; 75:754-757.)

changes in mortality over time have been shown to be a
reflection of differences in age-race-sex-cause-specific mor-
tality rates between successive age groups at a given point in
time. Overall mortality rates may then be projected into the
future based upon assumptions of how long it would take for
degenerative diseases most likely to decline in the future, to
experience a given hypothetical delay in the forces of their
mortality. [A delay in the force of mortality for a given
degenerative disease means that successive birth cohorts
approaching the same age range (for example 6064) will
experience the observed mortality rates of successively
younger age groups (e.g., 55-59 year olds in the case of a
5-year delay) of the period from which the original measure-
ments were taken.]

Based upon observed trends in cause-specific mortality
in the United States from 1960 to 1978, and a test of the
SIMCAD model on 1960 data for the US, it was decided that
a five-year delay for major cardiovascular diseases (8th
ICDA: 390-448), diabetes mellitus (250), and some cancers
(190-199, males only: 170-174, females only: 170-173,
160-163) would produce percentage changes in mortality
over successive 20-year time periods from 1978 that are
consistent with historical patterns of change in these dis-
eases. Mortality rates for other causes of death were pre-
sumed to remain stable at their observed 1978 levels.

Projected delays were calculated only for the population
aged 20 and over. Delays ofthree-years and seven-years were
also calculated in order to provide for a margin of error or a
range of possible mortality change projected into the future.
The age-race-sex-cause-specific mortality counts for the
resident population of the US were provided by the National
Center for Health Statistics. Age-race-sex population data
were drawn from the latest intercensal estimates of the
resident population of the United States provided by the US
Census Bureau. [Data are based on revised intercensal
estimates of the 1978 resident population that are adjusted for
the undercount of Blacks exposed in the 1980 Census.] The
mortality and population counts used in the SIMCAD projec-
tion model are for the year 1978.

Results

Table 1 shows the gains in life expectancy that are
projected to the years 2000 and 2020 for selected ages, by race
and sex, based upon the three, five, and seven-year delay
assumptions for selected causes of death. The data indicate
that even small differences in delay assumptions frequently
produce significantly larger gains in life expectancy. An
additional set of delays projected from the year 2000 to 2020
also show relatively large gains in life expectancy at all ages.

Table 2 shows gains in life expectancy that would occur
with the hypothetical elimination of six selected causes of
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DELAY VS ELIMINATION OF DEGENERATIVE DISEASES

TABLE 1-Gains In Life Expectancy (in years) at Selected Exact Ages with the Hypothetical Delay of Selected Causes of Death

White White Nonwhite Nonwhite White White Nonwhite Nonwhite White White Nonwhite Nonwhite
Males Females Males Females Males Females Males Females Males Females Males Females
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1 1) (12)

SIMCAD model (Major Cardiovascular Diseases, Diabetes, and some Cancers) projected to 2000

Ages 3-Year Delay 5-Year Delay 7-Year Delay

0 1.8 2.1 1.6 1.9 2.7 3.1 2.3 2.9 3.6 3.9 3.1 3.8
20 1.9 2.1 1.7 2.0 2.8 3.2 2.4 2.9 3.7 4.0 3.2 3.9
40 1.9 2.1 1.7 1.9 2.8 3.2 2.4 2.9 3.7 4.0 3.2 3.9
60 1.6 2.0 1.4 1.7 2.4 3.0 1.9 2.5 3.1 3.8 2.5 3.4
85 1.0 1.3 0.7 0.9 1.3 1.9 1.0 1.4 1.8 2.2 1.4 1.8

SIMCAD model (Major Cardiovascular Diseases, Diabetes, and some Cancers) projected to 2020

Ages 3-Year Delay 5-Year Delay 7-Year Delay

0 3.5 3.9 3.0 3.6 5.0 5.6 4.4 5.3 6.2 6.9 5.5 6.7
20 3.6 4.0 3.2 3.7 5.2 5.7 4.6 5.4 6.4 7.1 5.7 6.9
40 3.6 4.0 3.2 3.6 5.2 5.7 4.6 5.4 6.5 7.1 5.8 6.8
60 3.2 3.8 2.6 3.2 4.5 5.5 3.8 4.7 5.7 6.9 4.8 6.0
85 1.9 2.5 1.3 1.7 2.6 3.6 1.9 2.5 3.2 4.5 2.3 3.1

death in the United States. [These are based upon cause- with recent historical patterns in some causes of death where
elimination models applied to mortality data for the US from it is likely that they would continue to increase in the coming
1969 to 1971. It is not necessary to apply the cause-elimina- decades. This was most apparent for lung cancer death rates
tion model to 1978 data because: 1) the differences in among women.] projected to occur by the year 2000, would
projected gains in life expectancy resulting from the elimina- achieve greater gains in life expectancy at almost all ages, and
tion of selected causes of death at two points in time so close for all four race-sex groups, than that which would have been
to one another would be relatively small; and 2) a more achieved had all cancer deaths in 1970 been eliminated. If this
general comparison of delay vs elimination is being consid- same medium-range delay in the same causes of death were
ered in this paper.] A comparison of the data in Tables 1 and achieved from the years 2000 to 2020, we would be closely
2 demonstrates that fairly moderate delays in deaths attribut- approximating, and in some cases exceeding, the gains in life
able to major degenerative diseases over the next 20 years expectancy that would occur with the elimination of ischemic
would achieve the same or greater extension of life, as that heart disease (34.7 per cent of all deaths in 1970).
which would have been achieved had we successfully elimi- With the seven-year delay assumptions, we may expect
nated some major degenerative diseases in 1970. For ex- to achieve gains in life expectancy by the year 2020 that
ample, a five-year delay of major cardiovascular diseases, would exceed those achieved by the elimination of all deaths
diabetes, mellitus, and some cancers, [Assumptions in- attributable to diseases ofthe heart (38.2 per cent of all deaths
corporated into the SIMCAD model include projected in- in 1970). Indeed, observed mortality declines and gains in life
creases in some cancer death rates. This was done to conform expectancy from 1960 to 1978 for the four race-sex groups

TABLE 2-Gains in Life Expectancy (in years) at Selected Exact Ages with the Hypothetical Elimination of Selected Causes of Death

White White Nonwhite Nonwhite White White Nonwhite Nonwhite White White Nonwhite Nonwhite
Males Females Males Females Males Females Males Females Males Females Males Females
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1 1) (12)

Ages Malignant Neoplasms Ischemic Heart Disease Diseases of the Heart

0 2.3 2.6 2.3 2.4 5.5 4.4 4.2 4.9 6.1 5.2 5.3 6.3
20 2.3 2.6 2.4 2.5 5.7 4.5 4.4 5.1 6.4 5.3 5.6 6.5
40 2.2 2.4 2.5 2.3 5.8 4.6 4.7 5.2 6.4 5.3 5.8 6.6
60 1.7 1.5 1.9 1.5 4.8 4.5 4.2 5.0 5.4 5.1 5.1 6.1
85 0.3 0.3 0.5 0.4 2.3 2.7 2.6 3.3 2.7 3.2 3.2 4.1

Ages Cerebrovascular Disease Acute Myocardial Infarction Influenza and Pneumonia

0 0.9 1.4 1.4 2.2 3.0 1.8 1.7 1.6 0.4 0.4 0.8 0.7
20 0.9 1.4 1.4 2.2 3.1 1.8 1.8 1.7 0.3 0.3 0.5 0.4
40 0.9 1.4 1.5 2.2 3.2 1.8 1.9 1.7 0.3 0.3 0.5 0.4
60 0.9 1.3 1.4 2.0 2.4 1.7 1.5 1.5 0.2 0.2 0.4 0.3
85 0.6 0.9 0.8 1.2 0.6 0.6 0.7 0.7 0.2 0.2 0.2 0.2

SOURCE: Calculated from data published by the National Center for Health Statistics.16
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TABLE 3-Observed Gains in Life Expectancy (in years) at Selected Exact
Ages by Race and Sex (United States; 1959/61 to 1978)

White White Nonwhite Nonwhite
Males Females Males Females

Ages (1) (2) (3) (4)

0 2.65 3.61 3.52 7.13
20 1.75 2.81 1.62 5.53
40 1.87 2.77 1.68 4.84
60 1.19 2.61 1.21 3.37
85 0.96 2.04 2.72 4.46

SOURCE: Calculated from data published by the National Center for Health
Statistics. 17

(equivalent to between the five- and seven-year delay as-
sumption used in this study) exceed gains in life expectancy
that would have occurred with the elimination of the number
one cause of death in the United States, diseases of the heart
(see Table 3). Thus, relatively small simultaneous delays in
deaths attributable to several major degenerative diseases
produce gains in life expectancy that are equal to, or greater
than, the gains in life expectancy to be achieved by the
elimination of some single major degenerative diseases.

Discussion

If numerous major degenerative diseases share common
risk factors, then this study suggests that measures designed
to lessen the impact of these risk factors would extend life to
an extent comparable with the discovery of a cure for some
degenerative diseases. Previous research has demonstrated a
link between such risk factors and mortality. 1822 At the same
time, one must bear in mind that when mortality declines are
a result of preventive health care measures, morbidity may
also be compressed into later ages.22 That is, morbidity may
increase in the future at rates that are faster than has already
been projected if we fail to consider the importance of how
gains in life expectancy are achieved.23'24

Thus, as mortality continues to compress toward the
biological limit to life in later ages, it is possible that we will
reap diminishing returns from health care dollars earmarked
for declining mortality and increased longevity. To address
the issue posed by Keyfitz,7 one may conclude that the
extension of years-to-life and life-to-years is an appropriate
goal for the allocation of research and service funds. These
data indicate that preventive health care measures should be
a prime target.

APPENDIX
The premise behind the original single cause-delay model developed by

Manton'5 was that improved lifestyles and advances in medicine will delay the
mortality curves for major degenerative diseases and therefore redistribute the
risk of dying from a single major degenerative disease from younger to older
ages. In later research, this model was extended to a projection tool for overall
and cause-specific mortality by providing for the simultaneous delay of more
than one degenerative disease at a time. This is called the Simultaneous
Multiple CAuse Delay (SIMCAD) method of projecting mortality. The differ-
ence between this and the original single cause-delay model is that the
SIMCAD model conforms with the assumption of disease dependency and the
nature of the epidemiology of mass disease while the single cause-delay model
does not.

With the SIMCAD model one argues that successive birth cohorts are
likely to experience more favorable life conditions throughout their lifetimes
than previous cohorts passing through the same ages, and this will delay the
age progression of diseases and result in uniformly lower mortality rates. The
major advantage of this new approach is that it provides a more realistic
representation of the mortality and life expectancy benefits currently being

achieved by medicine, better access to health care, and improving lifestyles.
For example, medical intervention is thought to delay death from degenerative
diseases by forcing the clinical manifestations of disease into later ages, by
earlier detection of diseases, and by longer survival with disease in the body.
Improved lifestyles are thought to delay death by slowing the rate at which
degenerative diseases progress. This model is thus a method of indirectly
estimating the effects of successful efforts to delay the onset of major
degenerative diseases.

While the SIMCAD model relies heavily upon assumptions about which
degenerative diseases are most likely to decline in the future, and the extent
of such declines, it has performed well as a predictor of mortality change. It
provides a more reliable methodological representation of the epidemiologic
transition as it has occurred historically, and as it is likely to occur in the near
future, than other methods currently in use. It should be noted that since the
SIMCAD model deals exclusively with the effects of degenerative diseases on
gains in life expectancy, it is assumed that there will be no drastic changes in
patterns of death from non-degenerative causes in the coming decades.
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