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Chapter 2

Introduction: Technological Change
and the Older U.S. Population

Introduction

Technology, in conjunction with economic, de-
mographic, and social factors, affects the nature,
impact, and course of social change. It plays, and
will continue to play, a pivotal role in the aging
of the U.S. population. The myriad approaches
to understanding the interactive nature of tech-
nological, demographic, social, economic, and po-
litical processes are often onedimensional or nar-
rowly focused, yielding parochial conclusions that
take inadequate account of the effects that dif-
ferent variables have on each other.

Approaches to technology

In this report technology is viewed as complex
and varied, not only in how it evolves, but in how
it is applied to societal problems and goals. The
broad scope of technology is exemplified by de-
scriptions of its different forms, such as ‘(hard”
or ‘(soft ,“ and “high” or “low.” It can be a process
(soft technology) such as research and the devel-
opment of new knowledge, or products (hard
technology) such as sophisticated new medical in-
struments and surgical procedures-which are
also high technology-or simple in-home assistive
devices and gadgets, which are low technology.
Technology can, for example, be manifested in
the ways in which health services are organized
or new implements and devices created and uti-
lized. ’ In this report, the term technology encom-
passes each of these levels, types, and applications
of knowledge to solving problems and accomplish-
ing tasks.

The relationship between technological change
and the welfare of society involves decisions about

‘Another view is provided by physician and educator Lewis Thom-
as, who has proposed a three-level paradigm of technology: 1) non-
technology, such as personal supportive care services for depend-
ent persons; 2) halfway technology, such as devices that compensate
for disabilities (e.g., hearing aids, pacemakers, wheelchairs]; and 3)

decisive technology, such as basic research and science.

what in fact constitutes a problem,z Because these
decisions include judgments about what is “good,”
the development of knowledge and its technolog-
ical applications not only arise from cultural
values but are themselves social institutions. Mod-
ern technology surpasses that of earlier periods
in its power, scope, and pace of change. Its soci-
etal consequences are thus becoming both more
profound and more pervasive, intensifying the im-
portance of understanding and anticipating tech-
nological impact and change.

Aging and technology

The interaction between technology and society
presents both opportunities and challenges to in-
dividuals and social institutions. Will technologi-
cal change enhance the ability of older persons
to work or to perform daily activities of living,
or will it instead limit their capacity to be self-
sufficient? The rapid growth in numbers of older
Americans is focusing increased attention on the
social and economic costs or benefits of technol-
ogy for the elderly, and for society as a whole.

New types of housing units and their design
may minimize or exacerbate the difficulties faced
by older individuals who are functionally im-
paired. Improved biomedical technologies to treat
acute illnesses will present new questions about
the value of life and the choices made about liv-
ing and dying. Advances in health care that re-
duce the incidence of chronic disease are likely
to require decisions about allocation of resources
and whether access to health care services is a
right or a privilege. The list of relevant issues is
long and complex, but it is clear that none of these
changes is independent of the others.

2In discussing the cultural aspects of technology and its use in
solving  problems, economist John Galbraith defined technology as
the “systematic application of scientific or other organized knowl-
edge to practical tasks” (8).
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34 ● Technology and Aging in America

During this century, the application of technol-
ogies in the workplace, the home, the hospital,
and the environment has led to great improve-
ments in life expectancy and health across all age
groups, particularly the youngest. Most recently,
medical and other technologies have accelerated
the improvement of life expectancy among the
oldest age groups. Technological developments
have also improved contraceptive efficiency, con-
tributing to the notably low birth rates of the
1970s. The annual fertility rate of American
women aged 15 to 44 was lower during the last
decade than in any previous periods

In combination, these changes in fertility and
mortality will hasten the aging of the American
population during the next few decades During
the last 20 years the population aged 66 and over
has grown twice as fast as the population under
65. The pace of technological change accelerated
dramatically during this period, raising innumer-
able questions about the interaction of technol-
ogy with the growing older population,

This assessment recognizes that technology in-
volves the development of knowledge and its ap-
plication to issues of aging in a variety of contexts,
such as:

3Fertility rates measure the frequency of live births within a given
population, such as “number of  live births per 1,000 women aged
15 to 44.” These rates do not account for stillbirths and aborted
pregnancies, whether induced or spontaneous.

4The aging of the population means an increasing proportion of
the total population in the older (over 65) relative to the younger
(under 65) ages. It is also measured by median age, the age at which
50 percent of the population is older and 50 percent is younger.

the biology or chemistry laboratory, where
new biotechnologies may enhance under-
standing of cellular aging and disease
processes;
the health care setting, where new diagnos-
tic and treatment methods may prolong in-
creasing numbers of lives;
the workplace, where efficiency and produc-
tivity are new challenges for adult workers
and for policymakers concerned with their
physical, economic, and psychological well-
being;
the home, where functional independence is
likely to be enhanced by new devices, infor-
mation technologies, and differently orga-
nized long-term care service delivery sys-
tems; and
the community, where public services, trans-
portation systems, information technologies,
and long-term care programs may enhance
functional ability, or promote disease preven-
tion, health promotion, and expanded options
in daily living.

An examination of each of these broadly de-
fined contexts led to the identification of issues
that are of Federal concern in budgetary, regu-
latory, and oversight activities. Options that cor-
respond to these issues, which will grow in im-
portance as the elderly become a larger pro-
portion of the U.S. population, are presented for
congressional review.

Organization of the report

Major areas of concern It should be noted that this assessment does not
focus on acute illness and its treatment in the

Four major areas were selected for attention elderly, which would considerably expand its
in this assessment. Their importance, both direct scope. Treatment of acute illness has already re-
and indirect, is evident in existing Federal policy, ceived extensive study, including other OTA
programs, regulations, and budgetary activities assessments of medical technologies and acute
related to older Americans. These areas are: health cares This assessment concentrates on

●

●

●

●

chronic conditions and biomedical research; chronic health condition, biological factors and

functional impairment and long-term care;
housing and the living environment; and

‘The OTA Health Program has published a series of case studies
and technical memoranda on specific medical technologies for acute

employment and the workplace. illness (22).
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functional impairments of the elderly because of
their growing significance to the independence
of older persons and their ability to carry on var
ious activities in the workplace, the home, and
the community. Some of these areas are dis-
cussed in this chapter; many more are included
in the chapters that follow.

The table of contents for this report indicates
the breadth of subjects covered in the four gen-
eral subject areas cited. Each chapter deals with
the implications of technology and aging in a par-
ticular area. General themes include organization,
financing, efficacy, regulation, safety, quality, edu-
cation, and research. The congressional issues and
options that conclude each chapter reflect many
of these themes (e.g., the efficacy of medications
for the elderly, the organization of long-term care,
and the quality of housing and its design for the
elderly). Areas for additional research are iden-
tified separately. Studies on the socioeconomic,
attitudinal, behavioral, and other social scientific
characteristics of the older population are not em-
phasized in the research priority sections unless
they have a direct bearing on questions related
to technological change.

Chapter topics were chosen in response to con-
gressional requests and upon the advice of the
project’s Advisory Panel. The intent of this assess-

Demographic background

Definitions

These definitions are central to discussion of
the demographic aging of the American popula-
tion and the future implications of current trends
in U.S. population growth and change.

AGING AND THE AGED

For purposes of this report, the elderly are de-
fined as all persons aged 65 and over (or ‘(over
65”). Although”65 is a chronological definition of
the onset of old age, there is no scientific “marker”
of old age. In the United States and most West-
ern industrialized countries, 65 years is the age
of eligibility for full retirement income benefits.
Some countries vary in this regard. In Japan the

ment is not to provide a comprehensive review
of all aspects of technology and aging, but rather
to examine the most important technological fac-
tors related to the physical and mental health sta-
tus—and independence-of the older population.

Appendixes are included to provide detailed
data and background information for several im-
portant areas, including morbidity and mortality,
labor force participation, and biotechnology. The
appendixes amplify information that is provided
in the chapters.

The following section reviews the demographic
phenomenon known as the aging of the Ameri-
can population. It discusses the changing char-
acteristics of the older population and major
trends in mortality and morbidity. Technological
change and its relevance to these trends is as-
sessed in relation to the report’s four general sub-
ject areas, which give rise to key policy issues.

Where appropriate, the experiences of other
Western industrialized countries with similar
characteristics are cited as instructive models that
may suggest possible policy options for the United
States. Detailed comparisons of aging and public
policy in these nations are, however, not included
in this assessment.

eligibility age for women is 55 and for men is 60;
in Norway neither men nor women become eligi-
ble for full benefits until age 67. Age 65 was estab-
lished as the eligibility age for full Social Security
benefits at the US. retirement program’s incep-
tion in 1935.6

It is important to note, however, that aging is
a gradual biological process that differs among
individuals; people do not suddenly “become old”
at 65, Indeed, the older population tends to be

6Age 65 has a historical basis; for example, it was used by Ger-
many’s Chancellor Bismarck in the late 19th century to establish
eligibility for military pensions. Although the Chancellor lived past
80, one of his intentions appears to have been to limit the number
of pension beneficiaries in an era when average life expectancy at
birth was less than 45 years,
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more, rather than less, heterogeneous in its
social, political, economic, health, and other
characteristics than those under 66. A chrono=
logically based label is convenient for defining
population groups, but is a poor descriptor of
biological function or need for various types of
assistance. Further ambiguity is seen in the dif-
ferent age criteria for the “elderly” in Federal pro-
grams and public statutes. Federal housing assist-
ance programs for the elderly use age 62, while
programs under the Older Americans Act are
available to those 60 and over. The Internal Rev-
enue Service allows an elderly credit on personal
income taxes for Americans 65 and over, but the
one-time capital gains allowance from the sale of
a primary residence is available to anyone over
55. The Age Discrimination in Employment Act
(ADEA) protects workers 40 and over, although
no inference is made that workers in their 40S
are “old. ” Thus, social values and policy-relevant
definitions concerning old age vary widely, and
often depend on the issues, programs, needs, and
constituents involved.

“The aged” as a group must be distinguished
from “aging” as a process that varies both in dif-
ferent species and across subgroups within the
same species. The great variation in average life
expectancies across species is illustrated by the
fact that mice live an average of 3 years and hu-
mans an average of 74 years. There is growing
evidence that aging and the incidence of diseases
associated with age also vary within species.
These differences are associated with genetic fac-
tors, biological differences, environmental influ-
ences, and, for humans, socioeconomic status. For
example, average life expectancies at birth range
from as low as 45 in some developing countries
(Gambia, Niger, and Somalia) to as high as 76 in
some developed countries (Norway, Sweden, and
Japan). In the United States, the average life ex-
pectancy at birth for a white female (78.7 years)
is almost 12 years greater than for a black male
(66.5 years).7

Given these variations, definitions of “the elderly”
based on chronological age are artificial. Individ-

7Data on racial categories used in this report are technically dif-
ferentiated as “white” or ‘(black and other.” For convenience, “black”
is used in the text, rather than “black and other. ”

ual variation within each age group is great. Al-
though it is convenient and often necessary to
use chronological age (e.g, in formulating pub
lic policy), such boundaries must be used with
caution when making inferences about the
elderly as a group. Both technology and aging
can affect individuals or subgroups of the same
chronological age differently, depending on such
other factors as their functional capabilities and
the social or environmental characteristics that
influence their interaction with society.

Because the over-65 group is so heterogeneous,
some segments of this report identify those be-
tween 65 and 74 as the young-old and those 75
and over as the old-old. When it is necessary to
make still finer distinctions, persons over 85 are
referred to as the very old. In certain policy-
related issues, such as older workers’ employment
and the ADEA, the “elderly” can also include those
40 to 64; these exceptions to the report’s basic
definitions are noted as they occur.

The aging of a population is a gradual process
in which the proportions of adults and elderly in-
crease while the proportions of children and ado-
lescents decrease. This results in a rise in the me-
dian age (i.e., the age at which 50 percent of the
total population is older and so percent is young-
er). Aging occurs when fertility rates decline or
remain constant, while mortality rates remain
constant or improve, especially at the older ages.

COHORT V. PERIOD DATA

In discussing population aging and demographic
trends, two main types of data can be utilized:
period data and cohort data. period, or “cross-
sectional)” data describe variables or events that
occur across a population within a specified time
period. Cohort data, by contrast, follow the ex-
periences of a particular population group over
a long time period. The major difference is that
period data present a “snapshot” of different age
groups in a short time period or at one point in
time, while cohort data provide a “lifetime pic-
ture” of a particular group over many years (see
fig. 5).

The most useful cohort in demography is the
“birth cohort”–a group of individuals born within
a certain time period, usually a calendar year or
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Figure 5.—Schematic Representation of Cohort Data and Period Data
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NOTE Birth cohort data describe the events expetienced over time by a group born in the same year(s), ie , as the group "ages" period data describe the events across age
groups at one point m time

SOURCE Office of Technology Assessment

a 5-year interval.a The experiences of this birth
cohort can be “followed” through its lifetime. Each
birth cohort experiences a set of events over time
that is characteristic of its aging and the histori-
cal period during which this aging occurs, the
consequences of which are called “cohort effects. ”

Cohort analysis is important in gerontological
study because it measures change within a group
over time, as in panel or longitudinal studies. Be-
cause actual birth cohort data are not readily
available for long time periods, age-specific cross-
sectional data over many years are often used to
approximate the cohort experience. But they do
not provide comparable information.

Most events in a population are influenced by
both cohort and period effects. For example, the

‘k’or  example, persons aged  64 in 1984  belong to the 1920  birth
cohort. A birth rohort  can also be defined for a longer period of
time k’flr example, the 1915-19 birth cohort was aged 61 to 6.5  in

1 :)80

educational attainment of the elderly in 1980 is
largely a result of the educational attainment of
the pre-1915 birth cohorts during their “school-
age years.” Successive birth cohorts had higher
levels of education (a period effect). As the cohorts
aged and became part of the future elderly pop-
ulation, the average level of the total older popula-
tion’s educational attainment increased. In this
way, earlier period effects are combined with
the aging of the birth cohorts to yield new cross-
sectional data at a later time. For example, from
1970 to 1980 the proportion of persons over 65
who had completed 1 or more years of high
school increased sharply from 30 to more than
so percent. This large change was primarily due
to the cohort effect of a more highly educated
group aged 55 to 64 who had entered the over-
65 category by 1980.9

‘r’he difference between  cohort and period effects is illustrated
b}’ more detailed comparison of the  data on educational attainment.
In 1970 on]j 30 percent of all persons o~’er 65 had completed 1
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For certain analyses, cross-sectional and cohort
data are combined to create “synthetic cohorts,”
which are hypothetical groups that substitute for
real birth cohorts. A synthetic cohort is created
by using cress-sectional demographic data and ap-
plying them to a birth cohort over its future life-
time. These hypothetical cohorts are the basis for
the most commonly used life expectancy tables.
Synthetic cohorts are essential because a real
cohort’s mortality experience requires observa-
tions dating back 100 years, and such data are
not generally available. The fertility and mortal-
ity characteristics of synthetic cohorts are the
basis for most population projections developed
by Federal agencies. The role of these character-
istics in creating synthetic cohorts is an impor-
tant factor in evaluating projections of the future
elderly population.

Demogaphic projections of the
elderly population

The two major U.S. national population projec-
tions are provided by the Bureau of the Census
and by the Social Security Administration (SSA).
The SSA projections are primarily used for future
planning of the Social Security system and its long-
term financing obligations. The Census Bureau
projections include all age, sex, and race sub-
groups of the total population and are the most
commonly used population forecasts. The word
“forecast” is used intentionally to emphasize that
demographic projections are not predictions.

(continued from p. 37)
or more years of high school, compared with 55 percent of those
25 to 64. By 1980, the survivors of the 1970 cohort of persons over
65 had become the over-75 group. In 1980, 28 percent of those over
7.5 had 1 or more years of high school. Because most persons do
not add to their formal education after age 30—much less after age
65—the educational level of this elderly cohort did not change as
it aged during the 1970-80 decade. The cohort effect produced a
slight decrease in 1980 in the proportion of those over 65 with 1
or mom years of high school (probably due to bias in educational
level of the cohort survivors or a statistical artifact).

Period (i.e., cross-sectional) data provide different information.
By 1980 more than 50 percent of all persons over 65 had completed
1 or more years of high school, an increase of 20 percentage points
for that age group between 1970 and 1980. The major reason for
this increase in the period rate was the movement of the cohort
aged 55 to 64 in 1970 into the over-65 category in 1980. The younger
age group brought with it notably higher educational attainment
levels, thereby increasing the average for the new over-65 group
in 1980 (i.e., not the same birth cohort).

Projections are developed in three “series” that
differ according to the basic demographic as-
sumptions used to create the synthetic cohorts
that form the “new” populations. The three series
use low, middle, and high estimates of each type
of age-specific vital rate for l-year birth cohorts
(called the cohort component methodl”).

The accuracy of demographic projections has
improved during the last few decades with the
application of more sophisticated methodologies.
The most recent projections use the latest popula-
tion base from the final counts of the 1980 census,
revised by estimates of the population as of July
1, 1981 (see table 1). In general, the middle-series
assumptions are considered the most likely to oc-
cur, and the low and high assumptions define a
reasonable rate of error around the middle series.
Each of these components will vary from expec-
tations because of unpredictable cultural, eco-
nomic, and biological factors.

The least predictive component is fertility,
which is most likely to be influenced by exoge-
nous factors (e.g., economic conditions, govern-
ment policy), to be controlled by personal choice,
and to be influenced by the adequacy of contra-
ceptive methods. The “baby boom” following
World War II was not projected for the 1945-60
period, either in terms of the birth rate or the
number of years during which fertility remained
high. Nor was the precipitous decline in fertility
since the early 1960s expected. Both of these fer-
tility trends have an impact on the short- and long-
term changes in the aging of the population.

Mortality is less difficult to estimate, barring no
major short-term deviations in age-, race-, and sex-
specific trends in death rates. However, recent
changes in health and medical care technologies
have added an element of uncertainty to age-spe-
cific mortality rates for cohort projections. As-
sumptions about changes in age-specific death
rates have been lower than reality in most pro-
jections during the past 30 years (19). The unprec-
edented increases in life expectancy at the oldest

‘The “cohort component method” separately projects age-specific
fertility, mortality, and immigration rates for each l-year birth
cohort, using the three alternative levels of each demographic com-
ponent. These “scenarios” are then played out over the remaining
lifetime of each birth cohort to yield the projections for future
decades.
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ages during the 1970s were not anticipated in pro-
jections during that time.1*

Net immigration figures tend to be most easily
estimated, given the relationship of immigration
rates to Federal policy, quotas, and registration
procedures. However, immigration rate assump-
tions do not take account of the high annual total
of undocumented immigrants who enter the
United States. Estimates of their numbers vary
greatly because no accurate data are available.

These factors illustrate the need for caution in
the use and interpretation of population projec-
tions. The longer the interval covered by a pro-
jection, the greater the degree of uncertainty and
error in the estimates. Each successive year fol-
lowing the decennial census compounds the in-
accuracy of the estimates for the basic popula-
tions in the projections. Projections of the
numbers of older people are more reliable than
those that yield percentage figures; percentages

1 IProjectlons  based on the increased rates of decline in age-specific
mortality rates for the older population subgroups (by age, race,
and sex) during the 1968-77 period yield a total older population
in 200t)  that is almost 4 million persons more than was officially
projected by the Census  Bureau in 1977–an underestimate of more
than 10 percent. The most recmt official projections have been ad-
justed upward  to account for this dramatic change.

Demographic trends

Among the population changes experienced by
the United States during this century has been
unprecedented growth in the number and pro-
portion of older Americans. Demographic aging,
its changing pace, and the technological factors
that have both created it and responded to it point
to substantial challenges and opportunities for
American society. Improved understanding of
these trends is important in enabling both the
public and private sectors to anticipate and thus
respond appropriately to the needs of future co-
horts of elders and to benefit from the resources
they possess.

The most significant demographic trends are:

● rapid growth of the over-65 population dur-
ing most of this century and its continued
high rate of growth during the next 50 years

depend on the number of persons in every other
age group, which depend largely on fertility
trends over time (the least predictable variable
for projections).

projections of elderly households are even less
reliable, because household formation and size
are influenced by factors such as marital status,
income, health, extended family structure, tax pol-
icy, and other variables that are themselves dif-
ficult to project. A final source of potential inac-
curacy in projections is the base population (or
baseline data) from which future cohorts are de-
veloped. As shown in chapter 9, for example, the
1979 estimates of tenure (i.e., owners v. renters)
for elderly households were very different from
the totals enumerated by the 1980 census .*2

Taking these caveats into consideration, the fol-
lowing section reviews the demographic trends
that have had the greatest influence on the aging
of the U.S. population, and looks at current pro-
jections of the older population.

lz~ew  household p~jections based on 1980 census COUntS halre

not been officially generated; because the most recent official pro-
jections use 1978 estimates from the Current Population Survey,
the potential for error remains strong.

●

●

(the aging of the baby boom generation, re-
sulting in the “elderly boom” during 201o to
2025);
changes in life expectancy at birth and at the
older ages, especially the most recent in-
creases in the rate of improvement for the
very old; and
aging of the older population itself, with the
fastest rates of growth among the oldest sub-
groups (sometimes referred to as an “aging
implosion”).

The growth of the older population

In 1900 only 4 percent of the total U.S. popula-
tion was over 65. By 1980 this proportion had
risen to 11.2 percent and the number of older
Americans exceeded 25 million (see table 1). In
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1983 the elderly population was estimated to have
surpassed 27 million, and to account for 11.6 per-
cent of the total. The growing proportion of older
persons has boosted the median age significantly
in less than three generations—from just under
23 years in 1900 to over 30 by 1980.

This growth in the number and proportion of
the elderly is expected to continue, but at a slower
pace, through the end of the century. The most
recent projections indicate that the ranks of the
elderly will increase by at least 30 percent by the
year 2000, when they will constitute more than
13 percent of the total population. By recent
standards, this projected growth is relatively
small, due largely to the effect of the small birth
cohorts and relatively high infant mortality rates
during the Depression and World War II period
of 1925-45. Both of these factors will limit the
number of older persons in future decades (when
net immigration is held constant).

The effect of the baby boom birth cohorts on
the future older population will be felt after 2010,
when America’s elderly boom begins. By 2020,
the elderly population is expected to exceed 51
million and to account for more than Ii’ percent
of the Nation’s population .13 The projected in-
crease in numbers of older Americans between
2010 and 2020—more than 12 million—is only
slightly less than the number of those expected
to join the over-65 population during the entire
30-year period from 1980 to 2010 (see table 1).

Changes in average life expectancy

During most of this century, gains in the life
expectancy of Americans have occurred because
of improvements in public sanitation, hygiene,
control of infectious diseases, prenatal maternal
and postnatal infant care, and, since the 1940s,
antibiotics. These improvements have sharply re-
duced infant mortality, which began to fall in the
early 1930s, resulting in higher survival ratios for
successive birth cohorts.

Iq’hese  prolecte~ figures are  based on the most recent middk’-

ser ies  assumpt ions:  1.9 total births per woman  by 1985 and con-
stant  thereafter; life expectancy at birth increasing to almost  80  years

for whites by  2050 and for blacks  b~f 2080; and net annual immigra-
tion of 450,000 persons,

only 41 percent of infants born in 1900 sur-
vived to reach age 65; by 1980 this proportion
had risen to more than three-fourths .14 In 1900)

average life expectancy at birth was 47,3 years;
those who reached 65 could expect to live another
11.9 years. By 1983, average life expectancy at
birth had increased by more than 27 years—to
74.7. The change in life expectancy at age 65,
however, has been far less impressive for most
of this century. In 1983 this figure was just 16.8
years, on average, for those aged 65—an increase
of only 4.9 years since 19000

More notable is the recency of the increase in
life expectancy at older ages. The average life ex-
pectancy of those aged 65 in 1950 was 13.9
years—only 2 years higher than in 1900, reflect-
ing an improvement of only 17 percent during
the entire half-century (see table 2). Since 1950,
however, the corresponding figure has already
risen by 2.9 years (to 16.8 for 1983), a 20-percent
improvement in just 33 years. Yet this dramatic
improvement in old age survivorship masks still
more recent advances in age-specific mortality.
Of the 2.9 years gained since 1950, 1.6 years
were added between 1970 and 1983. This in-
crease is the largest change ever recorded in life
expectancy at age 66 in such a short period of
tim~more than one-half of the total gain since
1950 occurred in the last 13 years of this 33-year
period.

The aging of the older population

This improvement occurred at the same time
that the older population itself was aging, most
notably since 1960. The growth of the very old
population coincides with improvements in med-
ical technologies, especially lifesaving measures
in acute care (e.g., coronary bypass surgery and
cardiac pacemakers) and life-sustaining technol-
ogies (e.g., diagnosis and treatment of hyperten-
sion). The survival of increasing proportions to
the very old ages also coincides with the estab-
lishment of the Medicare program, which gave
older people greater access to medical technology.

Iq]nfant  mor~]it},  has dropped sharplv  from 56 deaths per 1 /00~
life births of infants under I year of age in 1935 to a rate of about
11 in 1982 (24).
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Table 2.–Life Expectancy at Birth and at Age 65, by Race and Sex, United States, Selected Years, 1900-82
(average number of years remaining)

Total White Black and other

Both Both Both
Age and year sexes Male Female sexes Male Female sexes Male Female

At birth:
1900 . . . . . . . . . . . . . . . . 47.3 46.3 48.3 47.6 46.6 48.7 33.0 32.5 33.5
1950 . . . . . . . . . . . . . . . . 68.2 65.6 71.7 69.1 66.5 72.2 60.8 59.1 62.9
1960 . . . . . . . . . . . . . . . . 69.7 66.6 73.1 70.6 67.4 74.1 63.6 61.1 66.3
1970 . . . . . . . . . . . . . . . . 70.8 67.1 74.7 71.7 68.0 75.6 65.3 51.3 69.4
1980 . . . . . . . . . . . . . . . . 73.7 70.0 77.5 74.4 70.7 78.1 69.5 65.3 73.6
1981 . . . . . . . . . . . . . . . . 74.1 70.3 77.9 74.7 71.0 78.5 70.3 66.1 74.5
1982 . . . . . . . . . . . . . . . . 74.5 70.8 78.2 75.1 71.4 78.7 70.9 66.5 75.2

At age 65:
1900 . . . . . . . . . . . . . . . . 11.9 11.5 12.2 — 11.5 12.2 – 10.4 11.4
1950 . . . . . . . . . . . . . . . . 13.9 12.8 15.0 – 12.8 15.1 – 12.5 14.5
1960 . . . . . . . . . . . . . . . . 14.3 12.8 15.8 14.4 12.9 15.9 13.9 12.7 15.2
1970 . . . . . . . . . . . . . . . . 15.2 13.1 17.0 15.2 13.1 17.1 14.9 13.2 16.4
1980 . . . . . . . . . . . . . . . . 16.4 14.1 18.3 16.5 14.2 18.5 15.5 13.5 17.3
1981 . . . . . . . . . . . . . . . . 16.7 – — — — — — — —
1982 . . . . . . . . . . . . . . . . 16.8 — — — — — — — —

SOURCES: National Center for Health Statistics, Health: Ur)/tedStates,  f98Z,  DHHSpublication  N0.(PHS)83-1232, Public Health Service (Washington, DC: U.S. Govern-
merit Printing Office, 1982); and4’Annual Summary of Births, Deaths, Marriages, and Divorces: United States, 1982J’Morrth/y  Vita/ Statistics Report 31:13,
DHHS  publication No. 83-1120 (October 1983) and 32:4,  DHHS  publication Supplement No.  83-1120 (Hyattsville,  MD: Public Health Service, August 1983).

Table 3 shows the increasing proportion of
those over 85 in the total older population since
1960 and the expected growth of the very old
population through 2020. In 1960 about 1 in 20
older persons was over 85; by 1980 that propor-
tion had grown to 1 in 11 (8.8 percent). During
the same period the proportion aged 65 to 74 fell
from 66 to 61 percent of the total. Because of the
small birth cohorts during the 1926-35 Depres-
sion period, the 65 to 74 group is expected to be
just one-half of the total older population at the
turn of the century, while those 75 to 84 are likely
to constitute more than one-third of all elderly
persons, and those over 85 to reach their highest
proportion, close to 15 percent.

Despite the possibility of small errors in these
projections, the “implosion,” or aging of the
older population itself, promises to be as impor-
tant as the sheer growth in total number of older
persons. The positive and negative impacts on
society of the growth of this aging elderly popula-
tion, brought about in large part by increasingly
rapid technological change during the last half-
century, will inevitably spawn additional new
technologies.

The dimensions of this dramatic transformation
and its implications for society are not easily com-
prehended. Recent changes in the age composi-
tion of the older population tend to obscure the

Table 3.—ReIative Distribution of the Population Aged 65 and Over, by Selected Age Groups,
Selected Years, 1960-2020a

Population age 65 and over Percent distribution by age group

Number
Year (in millions) Percent 65-74 75-84 85 and over

1960 ....., . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.6 100% 66.4%0 28.O% 5.60%
1980 ....., . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.5 100 61.0 30.2 8.8
2000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35.1 100 50.5 34.8 14.7
2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51.4 100 57.9 27.8 14.3
aprojections  for years 2000 and  2020 are based on middle-series assumptions

SOURCE: U.S. Bureau of the Census, Projections of the Population of the United States: 1982-2050 (Advance Report), Current Population Reports, Series P-25, No. 922,
October 1982.
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actual improvement in elderly survivorship when
data are reported for the older population as a
whole. This problem is avoided by using age-spe-
cific, as well as age-adjusted, death rates .15

From 1940 to 1978 the age-adjusted death rate
for the elderly decreased by more than 37 per-
cent—n percent more than indicated by unad-
justed rates for the same period. Similarly, age-
adjusted death rates for older women and men
decreased by greater proportions than indicated
by the overall rate (5). These age-adjusted declines
in mortality among the older age groups for both
sexes are primarily due to the improved technol-
ogies that have contributed to the growth of the
very old population.

When plotted on an annual basis, elderly death
rates for the 1955-67 period form a plateau, with
relatively little change in real mortality rates (i,e,
age-adjusted) in the older population. But during
the 1968-80 period, sharp reductions in elderly
mortality rates occurred. Average annual reduc-
tions in age-adjusted death rates for this period
were 1.5 percent for older males and 2.1 percent
for older females. The nature of this recent trend
in real mortality decreases among the elderly is
shown in figure 6. The post-1967 mortality
declines among the elderly have been greater
than for any previous period in American his-
tory, and suggest a new era characterized by
continued decreases in age-adjusted elderly
death rates during the rest of the century (see
also table 4).

Trends in life expectancy
by sex and race

Figure 7 shows that sex differences in age-spe-
cific life expectancy have become increasingly
greater than racial differences since the 1930s.
Life expectancy at birth for women has in-

Figure 6.-Age-Adjusted Death Rates for the
Population Aged 65 and Over, by Sex,

United States, 1940-80
90.0
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Year
SOURCE: US Senate, Special Committee on Aging, Developments in Aging 1983,

Volume 1, Washington, DC, Feb 29, 1984. Based on unpublished tabula-
tions by L Fingerhut, National Center for Health Statistics

creased far more rapidly than for men; the most
dramatic improvements have been for black
women, whose life expectancy at birth sur-
passed that of white men for the first time in
1967. This demographic change began at the
turn of the century, when female survivorship
rates started to improve more rapidly than male
survivorship rates. In 1900 life expectancy at birth
was distinguished by a great disparity between
blacks and whites, rather than between the sexes,
as shown in figure 7. By the 1930s the life expect-
ancy of black women clearly began to accelerate
relative to that of men of both races. By 1980
black women’s life expectancy approached that
of white women, who have the highest level. As
a whole, newborn girls can now expect to live,
on average, 8 years longer than newborn boys. 16

This life expectancy difference by sex is con-
sistent with the rates in many industrialized
countries, particularly those of Northern Europe.
Average life expectancies at birth in Denmark,

15 Age-asjusted demographic rates providetrue  indicatiors rates provide true indicators of age-
specific change, because they control for the effects of changes in
population age composition that can have a biasing effect on  vital
rate data over time. The age-adjusted rates for two or more points
in time are directly comparable, because they indicate hat the rates
Would  be if the populations had the same age composition at those
points in time, Measures using age-adjusted rates in demography
are the same as measures using “constant dollars” in economic re-
searrh. The “base year” for age-adjusted rates is usually 30 to 40

years earlier in order to show a definite trend over time,

16Note that  life expectancy  figures are derived from life table cal-
culations that utilize age-specific period death rates by race and sex.
The life table ‘(population” begins with a synthetic (or hypothetical)
birth cohort whose mortalityf experience over its entire “future life-
time” is based on current age-, sex-, and race-specific death rates.
It is possible that these rates for the synthetic cohort of  overestimate e
the mortality experience of the real birth cohort as it ages during
the next 85 years, thus underestimating actual improvdernents in fu-
ture life expectancy.
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Table 4.—Average Annual Percent Change in Age”Adjusted Death Rates for Persons Aged 65 and Over,
iby Sex and Age, United States, Selected Periods of Years, 1940-80

Years

Sex and Age 1940-54 1955-67 1968-80

Males:
Age 65 and over . . . . . . . . . . . . . . . . . . . . . . . . . -1.1 “/0 0.2%0 – 1 .7%

65-69 . . . . . . . . . . . . . . . . . . . . ., . . . . . . . . . . . - 0 . 7 0.1 -2.1
70-74 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 1 . 0 0.2 - 1 . 6
75-79 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1.1 0.2 –1.7
80-84 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 1 . 3 - 0 . 4 - 1 . 3
85 And over.... . . . . . . . . . . . . . . . . . . . . . . . . - 1 . 5 0.9 -1 .4

Females:
Age 65 and love - 2 . 0 - 1 . 0 - 2 . 3

65-69 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 2 . 3 -1.1 - 2 . 3
70-74 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 2 . 2 - 1 . 3 -2.1
75-79 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 1 . 9 - 1 . 2 - 2 . 6
80-84 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 1 . 9 -1.1 -2 .3
85 And over . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1 .3 0.0 -2.1

a Age adjusted to the United states population aged 65 and Over as Of 1940

SOURCE: National Center for Health Statistics, “Changes in Mortality Among the Elderly: United States, 1940-78’’ Supplement to 1980.’ Vital  and  Health Statistics,
Series 3, No.229, DHHS publication No. (PHS)64-1406a, Public Heatth Service (Washington, DC: U.S. Government Printing Office, 1964)

Figure 7.–Average Life Expectancy at Birth,
by Race and Sex, United States, 1900-80

1900 1910 1920 1930 1940 1950 1960 19701980
Year

SOURCE: National Center for Health Statistics, VitaL Statistics UnitedStates,
1980.’ Life Tab/es, vol. II, sec DHHS publication No. (PHS) 84-1104
(Hyattsville, MD Public Healh Service, May 1984)

Sweden, Norway, the Netherlands, and other Eu-
ropean countries are slightly higher (by l.0to 1,5
years) than in the United States, and have simi-
lar differences in life expectancies by gender. But
most of these industrialized countries have life
expectancies at age 65—both average and for men
and women—that are either equal to or slightly
below those of the United States. This anomaly
is partly explained by the older age structure of
most of these European countries relative to that
of the United States, as measured by median age
or by the proportion of the total population over

75.17 The Sex differences in life expectancy at

birth suggest that the united States can expect
continued discrepancy between the survival ra”
ties of men and women, even as the proportion
of older women increases in future years,

The sex- and race-specific changes in life expect-
ancy during the last half-century have greatly af-
fected the composition of the older population.
By 1983 there were over 5 million more women
than men over 65, a ratio of 3 older women to
every 2 older mem As recently as 1960 this ratio
was 5 to 4. This discrepancy increases notably
for the very old; among those over 85 there are
almost 6 women for every 2 men (42 men for
every 100 women. There are no indications that
this general pattern will change for the ensuing
decades into the 21st century.

Yet the rate at which women’s life expectancy
at birth and, in particular, at age 65 increases rel-
ative to that for men is not expected to grow at

‘The proportions of persons over 75 in most Northern European
countries range from 0.5 to 2.3 percent higher than in the United
States, a demographically large difference, Higher age-specific death
rates at the oldest ages partly explain the similarity in life expect-
ancy at age 65 between these countries and the United States. But
higher life expectancies at birth, despite the older age structures,
indicate that both female and male life expectancies at ages under
65 are usually higher than in the United States.
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the same pace that it has for the last four dec-
ades (14). As shown in table 2 and figure 8, the
1970-80 increases in life expectancy at age 65 have
been only slightly lower for white men than for
white women, while slightly higher for black men.
In general, older men and women are now ben-
efiting similarly from the recent decreases in
death rates from most causes of mortality, but
the large sex differentials in life expectancy at
birth and at age 65 remain.

These trends in age-specific mortality for both
sexes indicate that more people will not only be
living to older ages, but will also be living consid-
erably longer after age 65 than ever before in the
United States. A visual image of how the demo-

graphic structure of the U.S. population is ex-
pected to change emphasizes the potential impact
of these trends. Although not directly represent-
ative of the most recent projections from which
table 1 was developed, figure 9 presents a recent
set of population pyramids 18 based on projections
made in 1980. The baseline data for the projec-
tions assumed higher total fertility rates, lower

l~Popu]~tlO1l  p\~rar11i~5  ~re ~r~ptrk  re[]reserltat  ions of th[:  S~X  and
age  composition of a population, using either I- or 5-}war  age  in-
ter~’als  for each sex to age 85 and m er. The  diiigranl  is called a pJrr-

arnid  beCa USe  the st I’ucturr  of most populations in earlier  periods
closel~r  resembled the tapering form of a pyramid, i~rith decreasing
numhers and proportions in surce.ssi~wl~’  older age groups. ‘1’he
measure used for the horizontal axis can he either iIIMolute nunl -

lwrs,  as in fig, 9, or percentag(’s  of the IOtiil.

Figure 8.—Average Life Expectancy at Age 65, by Race and Sex, United States, 1900-80

.
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Years

SOURCE’ Off Ice of Technology Assessment, based on data from the National Center for Health Statistics, Vital Statistics of the United States,
1980 Life Tables, VOl II, sec 6 DHHS pub No. (PHS) 84-1104 (Hyattsvllle, MD: Public Health Service, May 1984)
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ultimate life expectancies, and higher levels of net
immigration than more recent projections. The
aging of the populations in these pyramids, as
depicted by the degree to which they become
“squared” in ensuing decades, is less than the most
recent projections would anticipate. They there-
fore reflect the minimum aging that is expected
to occur in the U.S. population structure during
the next 50 years.

The “wave” of the large baby boom cohort in
1960 (ages 0 to 9 in the pyramid) continues to ex-
ert its influence as it ages into the years 2010-30.
The squaring of the population’s structure is ac-
companied by the rapid rate of growth in num-
bers of older women in successive decades. Even
if mortality rate reductions at the older ages be-
come similar for both sexes in ensuing years, the
current higher survival ratios of women over 55,
who presently outnumber men in this age group
by almost 7 million, will produce higher numbers
of surviving women for at least the next 30 to 40
years.

Major causes of death in old age

Dramatic percentage decreases in death rates
have been occurring in all older age subgroups,
as shown in table 4. Indeed, persons reaching 85
can expect to live, on average, beyond 92. As is
true of mortality declines for the elderly in gen-
eral, the major contributor to these decreases in
death rates of the very old has been the age-spe-
cific decline in cardiovascular deaths. As has been
noted, there is no clear evidence to explain these
dramatic improvements among all older age
groups, but the most likely factors include:

●

●

●

recent technological advances in the care of
acute illnesses that might otherwise have led
to death;
improved monitoring and control of risk fac-
tors such as high saturated fat and choles-
terol diets, cigarette smoking, and hyperten-
sion; and
changes in long-term care of the chronically
impaired, both in institutions and in the com-
munity.

Underlying these newly emerging improve-
ments in life expectancy at the older ages are re-
cent declines in age-specific mortality from acute

episodes of infectious diseases (e.g., pneumonia
and influenza) and the major chronic diseases, es-
pecially diseases of the heart and cerebrovascular
diseases (stroke). The latter two disease cate-
gories, plus malignant neoplasms (cancers), cur-
rently account for three out of every four deaths
among the elderly, 19 an overall proportion that
has remained unchanged since World War II.
However, the relative proportion of deaths from
each of the three leading causes of elderly mor-
tality has changed over the last 30 years, in part
explaining the recent improvements in life expect-
ancy at older ages.

HEART DISEASE MORTALITY

Coronary heart disease remains the Nation’s
leading cause of death, both among the elderly
and in the total population. Although 46 percent
of all deaths among persons over 65 in 1980 were
due to cardiovascular diseases, age-specific death
rates from these causes have steadily declined
among the elderly during the past three decades,
particularly since 1970. Between 1970 and 1979,
the death rate from heart disease for persons 65
to 74 declined 22.7 percent-the most substan-
tial decrease ever recorded in a decade for this
disease category and this age group. For those
75 to 84, the decrease was 14.5 percent; the over-
85 age group had an 18.7-percent decrease dur-
ing this same period. The relative risk of death
from heart disease increases with age, even
among the elderly. In 1980, heart disease ac-
counted for less than 41 percent of deaths for per-
sons 65 to 74, but almost 49 percent of deaths
among those over 85,

The variations in heart disease mortality within
these age groups by race and sex are noted in ap-
pendix A, In general, proportional improvements
have been highest for women and blacks, except
for increases among blacks 75 to 84.

19’Cause of death” data utilized by the National Center for Health
Statistics (NCHS) are based on information contained in death cer-
tificates. In general, the cause of death in NCHS tabulations reflects
the underlying cause or  event that led to death. This cause may
differ from the “immediate” cause of death that is reported on the
death certificate (e.g., a death from a skull fracture due to an auto-
mobile accident would usually be reported as due to the accident
rather than the skull fracture). In 1978 nearly 75 percent of all death
certificates listed more than one condition and 15 percent had four
or more. Cause of death data generally indicate the underlying con-
dition, but not the complicating ones that may have contributed
to the death (23).
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There are no definitive explanations for the
heart disease mortality differences within or be-
tween the racial groups. Similar differences are
also seen in other causes of death and in mor-
bidity rates. Some gerontological studies show
that elderly blacks face the “double jeopardy” of
old age and minority status; the problems of aging
are compounded for minorities by lifelong con-
frontations with lower social, economic, psycho-
logical, and physical health status. These disadvan-
tages are reflected in their greater incidence of
chronic and acute disease throughout life.

These health and social disadvantages disappear
only among the very old, as shown by lower death
rates by sex for blacks in the over-85 group. One
hypothesis suggests a “leveling effect,” which re-
duces race differences in health and functional
ability at the oldest ages (18). Mortality differences
change in the same manner; beyond age 75,
blacks have higher life expectancies than whites
(19).20 For heart disease mortality, this leveling ef-
fect occurs beyond age 85.

CEREBROVASCULAR DISEASE MORTALITY

Cerebrovascular disease (stroke) is a major
cause of death for the very old. Although only
7 percent of deaths to persons aged 65 to 74 are
due to strokes, this proportion reaches 14 per-
cent for those over 85. However, remarkably
high rates of decrease in deaths from strokes
among the elderly occurred during the 1970s,
averaging 3 to 5 percent per year.

Key factors in reducing death rates from stroke
are increased awareness, diagnosis, monitoring,
and control of hypertension and levels of serum
cholesterol. Recent reports from longitudinal
studies suggest that improvements in diet, exer-
cise, and other lifestyle habits also contribute to
falling death rates from stroke (see ch. 4).

20Caution is advisable in discussions of race differences in death
rates among the elderly, especially the very old. Age-reported data
for blacks are likely to be less accurate than for whites at the oldest
ages, due in part to less accurate birth records for older blacks.
Death rates for older blacks have been found to be understated.
Thus, differences in data on elderly mortality rates by race are likely
to be artificially greater than in reality (15),

CANCER DISEASE MORTALITY

Cancers accounted for 19 percent of all deaths
among the elderly in 1980.21 Age-specific rates of
this second leading cause of death among older
persons (and among the general population) have
increased in recent years, primarily due to a no-
table rise in the rates of lung cancer for older men
and women of all races. In 1980 lung cancer
among women aged 65 to 74 replaced breast can-
cer as the leading cause of female cancer mor-
tality. older black men have the highest rates of
death from cancer among those over 85. In con-
trast, older black women have had lower or very
similar mortality rates from all cancers when
compared with older white women.

Recent studies of racial differences in the inci-
dence of specific types of cancers among the
elderly from 1973 to 1978 show a leveling effect
between race, age, and incidence of most cancers
among older men (16). No clear pattern of can-
cer incidence by race and age was discerned for
women.

Although death rates from cancer increase by
age within the older population, the increases are
small when compared with those for deaths due
to heart disease. The likelihood of dying from
cancer decreases with age; although 26 percent
of all deaths among persons 65 to 74 in 1980
were due to cancer, this proportion sharply de-
creases-to just 10 percent-among those over
85. Cancer is far more likely to be a killer of the
young-old than the very old.

Future life span and prevalence of
chronic diseases

Because the elderly are becoming an ever-larger
proportion of the U.S. population, their physical
and mental health status is an increasingly impor-
tant concern. Although recent decreases in death

21The proportion of deaths from cancer among persons over 65
is lower than for those 45 to 64. For the 45 to 64 age group, the
proportion of deaths from heart disease is lower and the propor-
tion of deaths from cancer is higher than for the elderly. Among
persons 25 to 44, accidents are the major cause of death, followed
by cancer and heart disease,
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rates from heart disease and stroke among older
Americans have ushered in a new period of in-
creased old-age longevity, this quantitative in-
crease has not been matched by qualitative im-
provements in the health status or functional
abilities of the older population.

Chronological age continues to be directly asso-
ciated with greater risk and incidence of most
chronic diseases and functional impairments. De-
spite reductions in mortality rates from acute
episodes of heart disease and stroke, the preva-
lence of chronic conditions associated with these
and other diseases persists among the elderly. As
populations age, they face an increasing preva-
lence of major mental diseases such as schizo-
phrenia, affective disorders, brain syndromes
associated with senile brain disease (e.g., Alzheim-
er disease) and arteriosclerosis, and epilepsy. This
trend has been called the “rising pandemic of
mental disorders and associated diseases” (11).

Pessimistic reviews of the prevalence of men-
tal diseases in aging populations may be accurate
in the short-term, but there is disagreement about
their long-term persistence, their age of onset,
new technologies that may alleviate or prevent
them, and the consequences that can be expected
at older ages in future decades (9).

There is general agreement that although no-
table life expectancy improvements should be
achieved during the next two generations, there
is an upper limit for human longevity (1,12), based
on the belief that most types of human cells have
an internally determined limit to the number of
times they can reproduce (10). Some theorists ac-
cordingly suggest that mortality is not necessarily
linked to disease and that future technologies to
control or eliminate disease will not yield an ever-
increasing or even a major increase in human life
span .22

22It is important to distinguish between  the terms “life span” and
life expectancy , ” which are sometimes confused in discussions re-
garding longevity. Life span is best described as the biological up-
per age limit that any member of a species could possibly reach.
Current estimates suggest a human life span of 110 to 115 years.
AS explained earlier in this chapter, life expectancy is a statistical

measure of the expected average number of years to be lived for
different subgroups of a population. For example, life expectancy
at birth in 1983 was 74.7 years; for black males it was 65.2 years,
while for white females it was 78,8 years. These two different
constructs should not be used interchangeably.

Other researchers estimate that the control or
elimination of all major chronic diseases could
produce a 20-year increase in life expectancy be-
fore biological limits on longevity take effect (10).
As the “ideal curve” in figure 10 indicates, this
scenario presents a maximum life expectancy at
birth of no more than 86 years, because most of
what has been called “premature death” from
chronic diseases has already been eliminated. The
large decreases between 1970 and 1979 in older
age mortality are sometimes viewed as the begin-
ning of the final “era” of improvement in life ex-
pectancy, whether at birth or at age 65.

Figure 10.—Past, Current, and Projected Ideal
Survival Cures for the Population, United States,

Selected Years, 1900-80
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Scenarios of the future also offer varying in-
terpretations of the burden of chronic disease in
the older population. One holds that although
chronic disease incidence may increase, the aver-
age age at onset of these diseases and their disabl-
ing effects will increase faster than will life ex-
pectancy, producing a “compression of morbidity”
in which the average period of chronic disease
and disability in old age will be less than current
levels. People would be ill or impaired for shorter
periods of time before biological senescence led
to death (7).

Another scenario projects longer average peri-
ods of disability and chronic illness in the future,
based on the assumption that recent lifesaving
and other health care technologies have had a
greater impact on longevity than on the incidence
of chronic disease, Increases in life expectancy
would be accompanied by considerably longer pe-
riods of ill health and disability (-9).

Still other models of aging find no clear evidence
of an absolute limit on the longevity of human
cells or on their ability to reproduce. Proponents
of this view feel that all deaths are due either to
accidents or disease, rather than to biological se-
nescence (12). Most reviews of available data in-
dicate that recent advances in life expectancy at
the oldest ages are due to technological advances
in the diagnosis and treatment of chronic dis-
eases and that the potential is high for further
improvement in longevity from the control of
chronic diseases

The experience of other countries with higher
life expectancies, where the incidence and prev-
alence of the major killer diseases are notably dif-
ferent, is instructive. For example, Japan has a
higher average life expectancy at birth than the
United States (76.3 years as compared with 74.7),
due in large part to much lower heart disease in-
cidence and attendant mortality rates. But the ma-
jor cause of death in Japan is stroke, which is
ranked third in the United States. If Japan were
to reduce its incidence of stroke to a level simi-
lar to that of the United States, additional years
would be added to already high Japanese life ex-
pectancy. Similarly, if the United States could de-
crease its incidence of heart disease to Japanese
levels, even greater increases in American life ex-
pectancy could be achieved.

If senescence rather than diseases were in fact
a major killer, life expectancy at the oldest ages
would not be showing such great improvement.
Reductions in the rate of aging of cells, as dem-
onstrated in nonhuman clinical and cellular stud-
ies, could possibly delay the age of onset of chron-
ic disease as well as significantly increase life
expectancy (21). If future technologies reduce
the rate of human cellular aging then significant
increases in human life expectancy and life span
could occur with no corresponding increase in
the period of morbidity among the elderly (26).

Some researchers hold that we are on the thresh-
old of major gains in human life expectancy be-
cause of prospects for identifying specific genes
related to longevity23 (30). New technologies may
yield methods for improving the efficiency of the
immune system. One method would control the
problem of autoimmunity, in which the body’s
immune system attacks the “good” cells along with
the “bad. ” Another approach contends that ac-
cumulated damage to DNA, the message center
of the cell, results in decreased rates of DNA re-
pair as humans age. New methods and technolo-
gies for improving the DNA repair rate for longer
periods of time may, some researchers suggest,
be a major step toward increased longevity. An-
other possible life span extension method is the
nutritional restriction diet. Current studies on
mice indicate that the rate of aging can be re-
duced and life span increased in mice that receive
carefully restricted diets. The application of tech-
nologies such as antioxidant and membrane
stabilization processes, altering neuroendocrine
hormone balance by hypophysectomy (surgical
alteration or removal of the pituitary gland), or
drug therapy have also been hypothesized as life
extension methods (3).

Some theorists suggest that combinations of
two or more of these proposed technologies can
yield 20= to 30-year increases in life span during
the next generation. Recent work in these areas
of life span extension and changes in rate of aging
is provocative, but fails to answer questions about
the application of animal study results to humans.

23The example in humans is a part of the sixth chromosome that
is considered the center of the immune system. It is known as the
major histocompatibility complex and is being studied to understand
its relationship to rates of cellular aging and immune functioning.
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The long-term effects of applying such methods
to humans remain unknown. Other questions
concern the time period in which such applica-
tions or their effects, if any, could occur for
human populations.

Recent data indicate that the age of onset and
the prevalence of chronic conditions among the
elderly have not changed in accord with recent
increases in average life expectancy at age 65
(2,17). Because there is as yet no way to prevent
(or effectively treat or cure) major chronic dis-
eases such as osteoarthritis and Alzheimer dis-
ease, there is little reason to postulate declining
incidence of these disabling conditions among
elderly cohorts in the near future (see ch. 3). And
as the older population ages in ensuing decades,
the prevalence of these conditions could also rise.

Contrasting views hold that the data do not ac-
curately account for today’s healthier behaviors
among portions of the younger population, as sug-

gested by data on one subgroup of young per-
sons that show lower blood pressure, serum cho-
lesterol, and cigarette consumption levels than
their parents’ generation (4). Proponents of this
belief argue that if healthy behaviors were en-
couraged among all age groups, healthier future
cohorts of elderly persons would result (6).

Investigation of the implications of these behav-
iors for their possible long-term effects on health
(e.g., heart conditions or osteoarthritis) and func-
tional ability (e.g., Alzheimer disease) is in its in-
fancy (see ch. 4). But if projected gains in life
span and/or average life expectancy were to be
achieved within onegeneration, these dramatic
changes would take place just as the baby boom
cohort “comes of age” as the elderly boom of the
2010=25 period. The implications of this possibil-
ity are profound in terms of both added produc-
tivity among the elderly and increased demands
on societal resources.

Implications of chronic disease and disability

These emerging technological and demographic
trends have important and varying implications
for Federal policies related to the provision of
health care, social services, long-term care, and
income supports to the elderly. The demand for
these types of supports and the resources and
capabilities that increased numbers of older per
sons contribute to society will depend on the na-
ture of the population aging process and the pe
riod of morbidity that can be expected Addition-
al impacts from these changes in technology and
aging will involve the marital status, living ar-
rangements, extended family size, work and re-
tirement patterns, and other characteristics of fu-
ture elderly populations characterized by higher
life expectancies.

Given current indications, the following char-
acteristics and consequences of an aging Ameri-
can population and anticipated technological
change are likely to dominate Federal aging pol-
icy debates for the short-term future to the turn
of the century:

●

●

●

the growing prevalence in the older popula-
tion of certain chronic physical and mental
conditions, and functional impairments re-
sulting from them, especially among the very
oId;
in contrast to the predominance of the cur-
rent acute-care medical model, a growing
need to develop appropriate programs to
care for persons with chronic conditions, in-
cluding provisions for needed social as well
as medical services;
developing options and evaluating the rela-
tive costs, both public and private, for dif-
ferent modes of long-term care in different
settings;
questions regarding appropriate medications
and evaluations of their positive or negative
effects on older persons;
the possible role of healthier behaviors in re-
ducing the incidence or severity of chronic
conditions and maximizing the quality and
productivity as well as length of life at older
ages;
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●

●

●

●

●

●

●

the role of informal v. formal social, health,
and medical supports in responding to cur-
rent and future long-term care needs of the
elderly;
the need for institutionalization in caring for
those severely ill, highly dependent elderly
and disabled persons who require the highest
levels of 24-hour skilled nursing care;
continuing pressure to contain the costs of
medical, social, and long-term care services
while maintaining their quality and accessi-
bility for all persons;
the increasing interest in and development
of information technologies that can help the
elderly in self-health care and maintenance
of functional ability;
the ability to respond to the preferences of
most older people to live as independently
as possible in comfortable, safe, convenient,
and familiar residential settings for as long
as possible;
a growing range of housing options and tech-
nological choices that can respond to the de-
sires and needs of older persons with various
levels of functional impairments to carry on
their daily activities; and
the trends in labor force participation and
functional status among the elderly and the
potential for workplace technologies to either
displace older workers or provide expanded
opportunities for new or continued em-
ployment.

An important challenge in relation to these
issues is the need to recognize the heterogeneity
of the older population in terms of the attitudes,
preferences, social characteristics, and health sta-
tus of its members. It will also be important for
Federal policy to carefully anticipate the grow-
ing numbers and proportions of older persons
who will be most ‘(at risk” of chronic disease and
related disabilities. These “at risk” individuals will
either require institutionalization or need some
level of supportive health and social services in
the community.

The following section focuses on the relevance
of health, functional impairment, and the envi-
ronment of the elderly to highlight the interde-
pendent aspects of these characteristics and their
impact on the lives of older Americans. The other

chapters of this report present detailed informa-
tion on these areas.

Severity of chronic conditions and
patterns of institutionalization

In 1983 there were more than 1.3 million older
Americans in nursing homes—5 percent of the
over-65 population.24 This is twice the proportion
of elderly persons who lived in nursing homes
in 1960. This increase is largely due to the aging
of the older population itself and, in particular,
to the prevalence of very old women who are wid-
owed. These women are at high risk of institution-
alization because they are most likely to live alone,
to have no informal support network, and to be
poor (i.e., eligible for Medicaid reimbursement for
nursing home care; see chs. 7 and 9). If current
age-specific trends persist, greater rates of institu-
tionalization among the elderly can be expected
as the population continues to age, At any one
time, about 10 percent of the over-75 population
are institutionalized. More than 1 in 5 (23 percent)
of those over 85 are in institutions.

Recent projections, using revised 1977 baseline
data, show an increase of 83 percent in the elderly
nursing home population (to 2.2 million residents)
by the year 2000, According to these projections,
the very old will become an ever-growing por-
tion of all older persons in nursing homes (see
fig. 11). By 2020, when the young-old cohort of
the elderly boom is 65 to 74, there could be 3 mil-
lion elderly persons in nursing homes, more than
one-half of whom would be over 85. By 24)40, as
the elderly boom cohorts reach the very old
ages, the numbers of nursing home residents
could skyrocket to 6 million or more, threefifths
of whom would be the very old. Revised esti-
mates that reflect the most recent aging trends
would yield even higher numbers.

The median entry age of nursing home resi-
dents has increased steadily since 1960 to the cur-
rent age of 80. The median age of residents is 83.
Although the young-old are largely able to avoid
nursing homes, the growth of the old-old and
their much higher risk of institutionalization will

24Persons  over 65 account for approximately 85 percent of all nurs-
ing home residents, a figure that has changed little during the last
25 years.
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Figure 11 .—Projections of the Nursing Home Population Aged 65 and Over,
United States, 1980-2050
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be a major Federal concern in future years.
unless the incidence of severe mental and phys-
ical disabilities related to increased prevalence
of chronic diseases among the very old de-
creases, and assuming that the aging of the older
population continues, a greater share of the total
older population of the future can be expected
to require either 1) full-time skilled nursing
care, primarily in institutions or 2) increased
custodial and other forms of long-term care in
the community. In fact, some estimates show
that twice the number of persons now in nurs-
ing homes are in need of some type of long-term
care in the community (2).

One consideration for Federal policy is the ex-
tent to which some proportion of this highly
dependent population could be either equally or
better cared for in a different residential setting.
There is no consensus on the proportion of the
institutionalized elderly who could be ‘(released”
from nursing homes. Estimates of those who
could receive alternative forms of care or who
are considered unnecessarily institutionalized
range from none to more than 40 percent (29,32).
The difficulties with such estimates lie in the dif-
ferent assumptions that are made regarding the

institutional population’s characteristics and the
relationship of these characteristics to the types
of care required. There is little evidence on which
to base estimates of the numbers of current nurs-
ing home residents who could be cared for in
other settings, in part because of a dearth of in-
formation on alternative settings and types of for-
mal long-term care (see ch. 7).

Nonetheless, three categories of characteristics
are the strongest predictors of nursing home res-
idency: 1) dependency in toileting and eating, 2)
dependency in bathing and dressing, and 3) men-
tal disorders (31). These highly interrelated pre-
dictors are particularly applicable for the very old
and those who live alone. For example, the risk
of mental confusion increases notably in the old-
est ages and is sometimes the reason that indi-
viduals are unable to feed, bathe, or dress them-
selves. Estimates from national surveys and other
sources indicate that, despite the primary diag-
nosis for admittance, about one-half of all elderly
nursing home residents suffer some degree of
mental confusion. Other data indicate that the de-
gree of dependency among nursing home resi-
dents has increased, along with median age, since
1960.
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Chronic conditions among
the community-dwelling elderly

The community dwelling elderly, who comprise
95 percent of Older Americans, have a much low-
er prevalence of severe limitations and depend-
ency than the institutionalized older population.
In 1981 the most commonly reported chronic con-
ditions for this great majority of the older popula-
tion were arthritis (46 percent), hypertension (37
percent), hearing impairments (28 percent), and
heart conditions (28 percent) (27). Although more
than 85 percent of the noninstitutionalized elderly
reported one or more chronic conditions in var-
ious surveys over the past 20 years, fewer than
half of those who had such conditions reported
any degree of activity limitation because of them
(25). Most older persons thus continue to be in-
dependent and active members of the com-
munity.

Yet the extent of limitation among the elderly
is notable when compared with other segments
of the population, as shown in figure 12. Only 14
percent of the total noninstitutionalized popula-
tion in 1981 reported some form of activity limita-
tion (4 percent were limited in a major activity
such as work). Among those 45 to 64, the total
proportion whose activities were limited by
chronic conditions was 24 percent. Both the prev-
alence and the severity of chronic conditions and
their associated disabilities increase in old age.
Fewer than one-third of those who are limited

Photo credit: Suzanne L. Murphy

The great majority of older Americans are active and
contributing members in their community.

Figure 12.—Limitation of Activity Due to Chronic
Conditions, by Degree of Limitation and Selected
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in the 45 to 64 age category are unable to carry
on a major activity, but among those over 65, the
proportion rises to almost two-fifths; among those
over 75 the proportion exceeds two-fifths (see fig.
12). Beyond age 85, some 60 percent of the
community-dwelling elderly report activity lim-
itation from a chronic condition and more than
one-half of these persons are unable to carry on
a major activity.

The severity of physical and mental limitations
from chronic conditions is thus a critical prob-
lem–for the elderly in general and the very old
in particular. The sharp increase in prevalence
of dysfunctions among the very old is especially
noticeable for osteoarthritis, heart conditions,
hearing and vision impairments, and urinary
incontinence. Technological applications that
can eliminate or mitigate the incidence of either



Ch. 2—introduction: Technological Change and the Older U.S. Population  55

the underlying chronic conditions or the limi-
tations they present would yield major improve
ments in preserving the independence of older
persons and their ability to function in the work-
place, at home, and in the community.

Assistance for the functionally impaired who
need help is provided by formal services, infor-
mal care from family and friends, or technologies
in the home. Chapters 7 and 9 provide detailed
reviews of these subjects, which are briefly dis-
cussed in the following section.

Socioeconomic characteristics and
sources of assistance

Coinciding with the growth of the old-old and
very old segments of the elderly population is the
growth in numbers of older Americans who live
alone. This trend is almost entirely attributable
to the increase in the number of very old surviv-
ing women. In 1982 one-half of all older women
were widowed, compared with only 12 percent
of all older men. These proportions rise signifi-
cantly among those over 75—to 69 percent for
women and 22 percent for men (see ch. 9). Con-
versely, among all women over 75, only 22 per-
cent were married and living with their spouse
in 1982; for men, the corresponding figure was
70 percent.

A consequence of these differences is that wom-
en over 75 are far more likely to be living alone
than men—45 percent of women as opposed to
19 percent of men. These differences in marital
status and living arrangements, coupled with
older women’s greater life expectancy, mean that
very old women are far more likely to live alone
and, therefore, are less likely to have informal
assistance from a spouse or other person in the
home. By 1995 more than 55 percent of all
elderly households are expected to consist of per-
sons living alone or with nonrelatives; four-fifths
of this population will be older women.

These trends indicate that the elderly are likely
to require a greater variety of housing types and
living environments than exist today. Higher pro-
portions of single-person households, especially
among the very old, are likely to increase the de-
mand for congregate types of housing, residential-

care complexes, and life-care communities. The
functional status of the growing older population
and their need for assistance will influence this
demand for more supportive types of living ar-
rangements. The ability of some elderly sub-
groups to pay for such environments and sup-
port services may be limited by low incomes. This
is particularly relevant for the short-term future
as increasing proportions of the elderly reach the
oldest ages with little more than Social Security
for their monthly incomes.

older women are clearly at greatest risk of pov-
erty. Low rates of labor force participation among
women 45 to 64 in previous decades, com-
pounded by low average income levels of those
women who were in the labor force, indicate that
greater numbers of old-old and very old women
are likely to have incomes below the Federal pov-
erty level for the next two decades. In 1982, 14,6
percent of all older persons were living below the
poverty level. Twice as many older women who
lived alone (28.7 percent) were in this category.
Black women are especially vulnerable in this re-
gard. Almost one-half of all black women over 72
had incomes below the poverty level, a rate five
times that of their white male counterparts.25

Almost 70 percent of black women who live alone
have incomes below the poverty level (28). These
differences are expected to persist for the re-
mainder of this century.

Certain older Americans in fact face “quadruple
jeopardy” in terms of higher risks of chronic dis-
ease, functional impairment, poverty, and living
alone—those who are: 1) very old, 2) women, 3)
widowed, and 4) black. Thus, the burdens of old
age are far greater among the very old, especially
among women and minorities. Although these
elderly individuals are most likely to suffer im-
pairments from chronic conditions, they are least
likely to have informal supports or the resources
to pay for formal care at home, And very old
women who are widowed are a growing propor-

25Older  women  in general have Social Security retirement incomes
that are considerably lower  than those of older men. Women’s tradi -
tionally  lower wages provide a much lower earnings base for cal-
culation of Social Security retirement income benefits. Very old black
persons, particular} women, are highly likely to receive only the
minimum benefits.
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tion of the older population. If these trends con=
tinue, during the rest of this century a growing
proportion of the older population in need of
care is likely to rely on publicly subsidized
sources of assistance, whether in long-term care
institutions or in their own homes and the corn=
munity.

The following chapters review the range of age-
related issues that can be addressed by various
types of technologies. Cost+effective technologies
that improve the health and functional status of
the elderly may help reduce the anticipated in-
creases in per capita public and private health ex-
penditures. Delaying the onset of major chronic
diseases and improving their treatment or pre-
vention will greatly enhance the functional inde-
pendence of the elderly, making their lives more
productive and meaningful. Technological adap-
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