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The twentieth century was, above all
else, a century of population growth; 
the twenty-½rst century will be a cen-
tury of aging. Between 1900 and 2000
the world’s population quadrupled,
from around 1.5 billion to over 6 billion.
Most of this increase occurred after
World War II. At present, it seems un-
likely that the population will grow by
more than about a further 50 percent.
The most plausible forecasts see a pop-
ulation numbering between 9 and 10 
billion by about 2050, with stability or
decline in total population thereafter.

However, the population at older 
ages will increase far more quickly in 
the coming century than in the last. In-
deed, the end of population growth and
its replacement by aging are logically re-
lated. All rapidly growing populations
are young. If each birth cohort is larger
than the one before, there will always be
plenty of young people.

Population growth was so characteris-
tic of the recent past that we tend to re-
gard it as the norm. However, for most
of human history the long-run rate of
population growth has been very close 
to zero. From the biblical Adam and Eve,
it would have taken only thirty-two dou-
blings of the population to reach over 8
billion. At the rate of population growth
seen in the 1960s and early 1970s–over 2
percent a year, implying a doubling time
of around thirty years–and given that
the gap between generations is also usu-
ally about thirty years, such an increase
could have taken place inside a millenni-
um. Even James Ussher’s 1650 estimate
of October 23, 4004 b.c. as the date of
creation implies we have been around
much longer than that. And since Homo
sapiens actually emerged one hundred
and ½fty thousand or so years ago, the
rate of growth has obviously been close
to zero.

Similarly, extrapolating the growth
rates of the recent past into the future
soon yields logically impossible ½gures.
Ansley Coale once calculated that a
growth rate of 2 percent a year sustained
for ½ve thousand years would lead to the
sheer volume of human beings exceed-
ing that of the solar system.

The absence of growth is a necessary
but not suf½cient condition for aging;
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we also need long life expectancy. In
populations before the modern medi-
cal era, relatively few people survived 
to reach three score years and ten. Thus,
population aging is a novelty requiring
both long lives and a low growth rate
(i.e., low fertility). Though rare in the
past, these conditions are now becoming
the norm around the world.

When demographers try to under-
stand the determinants of aging, they
use one of social science’s great general-
izing models: the demographic transi-
tion. When a population modernizes, 
it undergoes, along with many other
aspects of development, a set of inter-
connected changes called the demo-
graphic transition. According to this
model, every population at some point
has high fertility (mostly between four
and six children per woman) and low 
life expectancy (mostly between twenty-
½ve and forty years). With the spread 
of modern medicine and public health,
mortality improves; as family planning
and contraceptive use become the norm,
fertility falls. Usually life expectancy
rises ½rst, with a delay before fertility
declines. This difference in timing leads
to substantial population growth before
the two processes come back into bal-
ance.

This process of transition began in the
late eighteenth and nineteenth centuries
in Europe, the United States, and the
other neo-Europes; it became a global
phenomenon after World War II. Today,
more than half of the world’s people live
in places where fertility is at or below
the level needed for long-run intergener-
ational replacement (about 2.1 children
per woman), and global life expectancy
is approaching seventy years.

Trends in mortality can be followed in
considerable detail for many European
countries from the mid-nineteenth cen-

tury, and for a few especially well-doc-
umented cases, as far back as the late
1700s. For Japan and the United States
detailed information dates back to the
early twentieth century. What these sta-
tistics reveal is both simple and striking.
There has been an enormous reduction
in mortality, with life expectancy for the
two sexes combined now approaching,
or even exceeding, eighty in most devel-
oped countries. Even more remarkably,
this progress has been very regular for
many decades. Jim Oeppen and James
Vaupel have shown, for example, that
the trend in “best-practice” life expec-
tancy (i.e., the country with the lon-
gest life expectancy in each year) has
been linear for more than 150 years.1
In each decade the “state of the art” has
increased about 2.5 years. Moreover, al-
though there has been some variation at
the national level, most developed coun-
tries have demonstrated strongly linear
trends in life expectancy for the whole of
the twentieth century.

Paradoxically, although this trend has
been evident in mortality statistics for
many decades, it is only in the last few
years that it has been recognized. De-
mographers, actuaries, and others con-
cerned with forecasting mortality had
always hitherto assumed that life expec-
tancy was approaching some asymptot-
ic limit and would thus level off in the
near future. But if there is some biologi-
cal limit to extending longevity, there is
no sign of it yet. As Oeppen and Vaupel
point out, estimates of the maximum
possible life expectancy made through-
out the twentieth century were, on aver-
age, surpassed within ½ve years of being
made. This consistent error is of more
than purely academic interest–pension-
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and health-care systems have been fund-
ed on the basis of large underestimates
of the number of elderly people in the
future.

The linearity of the upward climb in
life expectancy has occurred in spite of
the fact that very different age groups
and causes of death have been involved
in different eras. Before World War II,
almost all progress took place in reduc-
ing infectious diseases, with the biggest
impact for infants and children. In con-
trast, today much of the improvement 
is concentrated at old ages. Perhaps 
the best analogy for these remarkable
changes is to be found in models of eco-
nomic growth. Just as modern theory
hypothesizes the existence of an endoge-
nous rate of growth that is in some sense
built into our economic system, so too
there may be an endogenous rate of im-
provement in health, as measured by life
expectancy. In any event, we have every
reason to expect that continued increas-
es in the average length of life will aug-
ment population aging.

There are, of course, exceptions to this
optimistic picture. In the Soviet Union
and its client states in Eastern and Cen-
tral Europe, life expectancy stagnated
from the 1960s until the end of Com-
munism. It then worsened still further 
in many cases, in the immediate after-
math of revolution. In Russia and many
of the post-Soviet states it remains low,
especially for men. Male life expectan-
cy in Russia today is roughly the same 
as it was in 1950: about sixty years. To
put this stagnation into perspective, the
equivalent ½gure for the United States
has increased since 1950 by almost ten
years from sixty-six to seventy-six.

In the post-Communist countries fur-
ther west, however, the last decade has
seen rapid improvements; life expec-
tancy there will likely converge to levels
seen in Western Europe within a few de-

cades. The origins of the health crisis
under Communism and its persistence
in Russia, Ukraine, and the other post-
Soviet states is a matter of heated de-
bate in both the scienti½c and general 
literature. Whatever the cause, the cri-
sis serves as a warning against unqual-
i½ed Panglossian optimism. Likewise,
the emergence of hiv/aids and the
associated reemergence of tuberculosis
make clear that all future estimates of
improvement in public health must take
into account the potential for severe re-
versals.

Overall, however, the last half-centu-
ry has seen unprecedented convergence
in mortality patterns around the world.
While rich countries still lead in life
expectancy, the gap between these lead-
ers and most developing countries has
shrunk substantially. In fact, there has
been more convergence in demography
than in any other aspect of moderniza-
tion. For example, consider Latin Amer-
ica as a whole, where the United Nations
estimates current life expectancy is sev-
enty-two years, and gdp per head (ad-
justed for inflation and other factors) 
is below $4,000, according to the Orga-
nization for Economic Cooperation and
Development. Now consider the United
States. Life expectancy in the United
States was seventy-two years as recent-
ly as the early 1970s. In contrast, the U.S.
gdp per head exceeded $4,000 by 1900.
Latin America is a century behind the
United States in income growth, but on-
ly thirty to thirty-½ve years behind in life
expectancy. We can make similar com-
parisons for most developing countries.
And though the gaps in educational at-
tainment or urbanization are somewhat
smaller than in gdp per head, none of
the other conventional quantitative in-
dices of development has converged as
rapidly as demography.
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In recent decades there has also been a
striking convergence in fertility, which
has declined rapidly in most countries.
More than half of the world’s popula-
tion now lives in countries or regions in
which fertility is below the level needed
for intergenerational replacement.2 In
most of Southern Europe (including
Italy and Spain) and in most of Central
and Eastern Europe, the total fertility
rate (the number of children born per
woman) is below 1.3. Similar values are
now seen in Japan, South Korea, and
many of the more developed parts of
China. Even some countries that might
seem unlikely candidates have experi-
enced rapid fertility decline. In Iran, 
for example, fertility fell from over six
children per woman to just over two
between the mid-1980s and mid-1990s.
In contrast, fertility in the United States
has seemed to defy gravity, staying close
to or even above the replacement level
for the last two decades. Among the de-
veloping countries in which fertility is 
now lower than in the United States are
China, Brazil, Thailand, and Tunisia. If
the trends of the last twenty-½ve years
continue for another decade or so, the
U.S. fertility level will be well above the
median for the human population as a
whole.

The very speed of fertility decline in
many countries will produce an exagger-
ated form of aging. While aging is an in-
evitable and global phenomenon, coun-
tries in which fertility has fallen rapidly
will experience a form of ‘super aging’ 
in the middle decades of this century.
The baby boom cohorts of Southern
Europe or the pretransition cohorts in
China are very large compared to those
that followed, and their getting old will
greatly exacerbate any problems that ag-
ing generates.

There is also a sense in which aging
can be ‘locked in’ as part of a country’s
demographic regime through a form 
of negative momentum. For example, 
in Southern Europe, the large number 
of baby boomers moving through the
childbearing ages has disguised the very
low fertility rate of recent decades. The
largest age groups at present are those
ages 25 to 39. In the coming decades,
however, the much smaller cohorts 
born since the mid-1980s will be in the
reproductive ages. Unless these cohorts
(currently ages 0 to 19) have much high-
er fertility than their parents, the num-
ber of births in countries such as Italy
and Spain will shrink even more rapid-
ly in the future than it has so far. In con-
trast, the United States and other coun-
tries in which fertility has stabilized at
close to the replacement level (in Eu-
rope, they include France and the Nor-
dic countries) will face much less severe
challenges from demographic disrup-
tion.

The future is always uncertain to 
some degree, but when trends have 
been so clear and so consistent for de-
cades, they form a solid basis for pre-
diction. It is very close to certain that
aging will be one of the de½ning global
phenomena in the twenty-½rst centu-
ry. The ways in which societies choose 
to adapt to this new reality will test the 
old adage that “demography is destiny.”
Fatalism, however, is uncalled for–to 
a substantial degree we can still choose
our future. However, demography does
impose strong constraints on the range
of feasible options. Taking these con-
straints into account is the basis for in-
formed reactions to the challenges posed
by aging.
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Aging angst’ has become a booming
industry among scholars. For example,
the ethicist Leon Kass and others argue
that, on a personal level, increasing lon-
gevity may deprive life of its savor and
undermine the quest to achieve. Kass
states, “If you push those [mortality]
limits back, if those limits become out of
sight, we are not inclined to build cathe-
drals or write the BMinor Mass, or write
Shakespeare’s sonnets and things of that
sort.”1 Kass never says how much of an
increase in longevity is too much, only
that if science were able to slow aging, 
it would put humankind on a slippery

slope to immortality, with all its seduc-
tive and corrosive effects.

Meanwhile, on a societal level, econo-
mists like Laurence Kotlikoff and Scott
Burns worry that the growing percent-
age of the elderly in the population por-
tends economic calamity:

Let your mind wander toward the future.
Move, slowly, to the year 2030 . . . . What 
do you see? You see a country [the Unit-
ed States] whose collective population is
older than that in Florida today. You see a
country where walkers outnumber stroll-
ers. You see a country with twice as many
retirees, but only 15 percent more workers
to support them. You see a country with
large numbers of impoverished elderly 
citizens languishing in understaffed, over-
crowded, substandard nursing homes. 
You see a government in desperate trou-
ble. It’s raising taxes sky high, drastically
cutting retirement and health bene½ts,
slashing defense, education, and other
critical spending, and borrowing far be-
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yond its capacity to repay. It’s also print-
ing tons of money to ‘meet’ its bills. You
see major tax evasion, high and rising
rates of inflation, a growing underground
economy, a rapidly depreciating currency,
and more people exiting than entering the
country. They are leaving because they’re
sure things will get still worse.

What is going on here?
The prospect of living long lives, with

physical and mental capacities intact,
has long occupied the human imagina-
tion. To be sure, the ability to slow or
prevent the onset of serious illnesses 
and even aging may create risks. But 
the harm that may result if something 
is done to excess does not require forgo-
ing the good that results from doing the
same thing in moderation. George Will
illustrates this in his case for therapeutic
cloning:

Life . . . is lived on a slippery slope: taxation
could become con½scation; police could
become gestapos. But the bene½ts from
taxation and police make us willing to
wager that our judgment can stop slides
down dangerous slopes.2

Warnings that a growing elderly popu-
lation threatens national well-being are
of a different character, but are also odd.
Population aging can be delayed if birth
rates remain high and the population
continues to expand. Until population
stabilizes, increasing longevity can coex-
ist with a stable, low fraction of the pop-
ulation that is elderly. Of course, unlim-
ited population growth creates problems
of its own. It evokes specters of ‘stand-
ing room only,’ natural resource exhaus-
tion, environmental degradation, and
–at least for poor nations–inescapable
poverty. Of course, population growth
must end. When it does, increased

longevity means an older population.
Keynes had only half the story: in the
long run we will, indeed, all be dead, but
with rising longevity we will be old ½rst.

Despite a widespread desire to pro-
long life, the human species for millen-
nia made no progress toward ful½lling 
it. Even tiny increases in longevity sus-
tained over the numberless generations
of human existence would have resulted
in life spans far greater than any now ob-
served. Instead, until the modern eco-
nomic era, few infants lived to experi-
ence what now would be called old age.

Nearly all of the current extension 
of life spans is a by-product of rising in-
comes–the result of the Industrial Rev-
olution and the science that produced 
it. Before the Industrial Revolution, the
elderly formed a small fraction of the
population because people died young
and birth rates were high.3 In no Euro-
pean nation did as much as 5 percent 
of the population reach age 65 until the
middle of the nineteenth century; in
none did 10 percent of the population
reach age 65 until after 1930. Now, pro-
jections indicate that by the year 2050
more than 20 percent of the population
will exceed age 65 in most developed
nations, and in several the proportion
will approach or exceed 30 percent.4

Visions of the United States as a na-
tion of doddering codgers notwithstand-
ing, the U.S. population is projected to
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remain among the youngest in the devel-
oped world because of its relatively high
birth and immigration rates. Although
the proportion of the U.S. population
over age 65 will rise from 12.3 percent in
2005 to 20.6 percent in 2050, the labor
force will grow, not shrink, by 29 percent
over that period. In sharp contrast, the
proportion of the Japanese population
over age 65 is already 19.7 percent and 
is projected to rise to 35.9 percent by
2050. The Organization for Economic
Cooperation and Development projects
that the Japanese labor force will shrink
by more than one-third between 2005
and 2050.5

So, if one embraces a dismal vision 
of the demographic future in the Unit-
ed States, then one must tremble at the
truly unspeakable prospects confront-
ing France, Germany, Japan, and Italy. 
In fact, it’s hard to ½gure out where
Americans, who according to Kotlikoff
and Burns will be fleeing their wreck of
a nation, would actually go. Those who
see population aging as a source of col-
lective calamity need to explain why the
achievement of sustained economic ad-
vance and the deferral of death and of
physical and mental decline–all age-old
goals of human striving–is a global ca-
lamity.

To be sure, extended life expectancy
will pose a variety of challenges. In all
developed nations, public budgets bear
more of the cost of care and support for
the elderly than for children. Population
aging will therefore tend to push up tax
rates. Increased longevity could also cre-

ate serious social and economic chal-
lenges if the years of extended life are
ones of mental and physical in½rmity;
but prospective medical advances prom-
ise treatments and, possibly, cures for
conditions that produce physical and
mental decline. For the most part, the
increase in life expectancy made possi-
ble by rising incomes, improved public
health, and medical advances is a mon-
umental achievement. In the United
States, population aging, like the post–
World War II baby boom, will doubtless
require some quite signi½cant economic
and social adjustments, but the adjust-
ments are straightforward and require
no more than honest political leader-
ship.

I shall begin this survey by recalling
what growing old meant to previous
generations in the United States and 
juxtapose a realistic image of what be-
coming old will mean for our children
and grandchildren. I shall then outline
the genuine economic problems that
increasing longevity and population
aging will raise and the steps that will 
be necessary to deal with them.

A scrim of forgetfulness shields us
from the rather ugly reality of growing
old in the America of just a few genera-
tions past. Let us draw back that curtain
to examine what growing old meant for
the generations born in 1860, 1890, and
1930.6

The 1860 cohort was born in a nation
that still treated slavery as a constitu-
tional right. A quarter of those born in
1860 died before turning age 20, half be-
fore reaching age 65. Living conditions
and public sanitation were appalling by
today’s standards: few houses had in-
door plumbing, and few cities had mu-
nicipal water and sewer systems. Sur-

Dædalus  Winter 2006 11

Longer life
spans: boon
or burden?

5  Thai Than Dang, Pablo Antolin, and Howard
Oxley, “Fiscal Implications of Ageing: Projec-
tions of Age-Related Spending,” Organization
for Economic Cooperation and Development,
Economics Department Papers No. 305, Sep-
tember 19, 2001. The Japanese labor force is
projected to decline on average by 0.9 percent-
age points annually from 2000 to 2050. 6  Aaron and Reischauer, Countdown to Reform.



gery was uncommon and dangerous be-
cause surgical technique was primitive
and anesthesia was dangerous. Inocula-
tions were uncommon. Childhood dis-
eases winnowed the young, and pneu-
monia was known as the ‘widow’s
friend.’

By current standards, the 1860 cohort
was a nation of educational dropouts,
although the United States led the world
in mass education. Out of every hundred
students who started primary school,
seventy ½nished, twelve completed high
school, and three graduated from col-
lege. Economic growth was rapid but
uneven. The U.S. economy underwent
thirteen economic contractions between
1885 and 1925; many were catastrophic
by modern standards. Output fell 7 per-
cent following the 1893 panic, 8 percent
during the 1907–1908 depression, and 
6 percent on the eve of World War I.
Since World War II, output has never 
fallen more than 3.7 percent in any re-
cession.

Women gave birth to an average of
more than ½ve children. The backbreak-
ing job of caring for children, husbands,
brothers, sisters, and parents in a world
without washing machines, vacuum
cleaners, refrigerators, or dishwashers
was borne, typically by women, until
death and lightened only as family mem-
bers died or moved away. Once married,
few white women worked outside the
home. Those who worked for pay al-
most invariably performed menial tasks.
Many women, especially African Ameri-
can women, were domestics.

Old age was not a passage to a ‘new
mode of living,’ but a continuation of
what life had been when one was young.
Three-quarters of men born in 1860 and
still alive at age 65 continued to work 
for pay until death, disability, or eco-
nomic catastrophe intervened. Such a
catastrophe–the Great Depression–did

intervene when the 1860 cohort was 69-
years-old. By 1932, a quarter of the work
force was unemployed. The elderly were
more likely than the young to lose their
jobs and less likely to ½nd new ones. Pro-
tracted unemployment, bank failures,
plunging stock prices, and collapsing
real-estate values destroyed the savings
of those in the middle and working
classes who had scrimped and saved for
retirement. Private charities were over-
whelmed, and public charity dried up 
as state and municipal tax collections
plummeted. Only a few Civil War vet-
erans and their widows received small
pensions; otherwise, private pensions
were rare. The ½rst Social Security 
check was not paid until the 1860 co-
hort reached age 80, and few were eligi-
ble for bene½ts. For the one-third of the
1860 cohort who survived to their sixty-
ninth birthdays, the ½nal years were gen-
erally grim.

America’s 1890 cohort also lived
through boom and bust. World War I
ended a recession. With peace came
another recession; unemployment
reached 12 percent. The 1920s brought
boom, except on the farm. The year 
1929 ushered in twelve years that blight-
ed what should have been this cohort’s
prime earning years. Too old to ½ght 
in World War II, the men of the 1890
cohort worked to support their sons 
at the front. Women left home for the
paid labor force, freed from traditional
jobs as secretaries, teachers, social work-
ers, and nurses, to become machinists
and assembly-line operatives.

Like its forebears, the 1890 cohort 
suffered high rates of infant mortality.
Although this cohort bene½ted from
steady, if undramatic, improvements 
in health and education, more than 
one-third of 20-year-old women and
two-½fths of 20-year-old men did not
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live to see their sixty-½fth birthdays.
Eighty percent of unmarried elderly
women and half of unmarried elderly
men had been widowed. Four-½fths 
of this cohort ½nished primary school,
one-fourth graduated from high school,
but only one in twenty earned a college
degree.

When this cohort reached age 65 in the
mid-1950s, fewer than half had health
insurance. Coverage was often uncertain
because insurers could raise premiums
sharply or refuse to renew coverage of
those whose health had begun to dete-
riorate. Because health expenses of the
elderly, even when adjusted for inflation,
were less than one-tenth of what they
are today, medical outlays were a threat
only for the minority who became seri-
ously ill. But in one of the most striking
social changes of the late twentieth cen-
tury, a spell in a nursing home became
common. By the late 1970s, roughly a
quarter of the 1890 cohort survivors
were residing in nursing homes.

Congress passed the Social Security
Act of 1935, subsequently increasing
bene½ts and extending coverage in 1939
and again in 1950. Because of these liber-
alizations, members of the 1890 cohort
received bene½ts far greater than the
earmarked payroll taxes they and their
employers had paid. Still, bene½ts were
modest–only about 32 percent of tax-
able earnings of full-time covered work-
ers. And since roughly half of U.S. jobs
were not covered until the 1950 legisla-
tion broadened coverage, many mem-
bers of the 1890 cohort did not receive
bene½ts at all. Furthermore, private pen-
sions covered only about a quarter of
members of the 1890 cohort. Even work-
ers who were covered typically received
meager bene½ts because most had not
worked long enough under these plans
to have earned meaningful bene½ts.
With insuf½cient income to retire, two-

thirds of surviving men from the 1890
cohort were still working at age 65, near-
ly half at age 70, and 30 percent at age 75.
More than one-third had incomes below
of½cial poverty thresholds.

The 2.6 million American children
born in 1930 enjoyed advantages un-
available to previous generations. Near-
ly all ½nished primary school. Seven in
ten graduated from high school. Part-
ly because of the G.I. Bill for Korean 
War veterans, one man in ½ve and one
woman in nine graduated from college.
Women no longer automatically with-
drew from the labor force after mar-
riage; those who did often reentered
when still young. Just over one-third
worked outside the home when they
were age 30, but three-½fths did at age
50, and two-½fths still worked for pay 
at age 60.

If the educational achievements of
the 1930 cohort were striking, the eco-
nomic advances were breathtaking.
Between the end of World War II and
the mid-1970s, output per person more
than doubled. At the start of their work-
ing lives, members of the 1930 cohort
earned hourly wages three times higher
than members of the 1890 cohort had
earned in their ½rst jobs. By the time the
1930 cohort turned age 65, their average
earnings had risen by another one-third.
Post–World War II recessions, though
numerous, were shallow compared with
the economic paroxysms of earlier eras.
Furthermore, unemployment compen-
sation, also created by the Social Securi-
ty Act of 1935, cushioned the shock for
those who did lose jobs–for up to six
months in normal times and even lon-
ger during recessions.

Higher incomes, medical advances,
and improved working conditions com-
bined to boost life expectancy for the
1930 cohort. Two-thirds of men and over
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three-quarters of women born in 1930
lived to celebrate their sixty-½fth birth-
days. Four-½fths of 65-year-old men and
three-½fths of 65-year-old women still
lived with a spouse.

As they approached retirement age in
the mid-1990s, members of the 1930 co-
hort had options and resources few of
their parents had enjoyed. Most had as-
sets that provided substantial ½nancial
security. Social Security bene½ts, aver-
aging $8,500 a year for individuals and
$12,000 for couples, were fully protected
against erosion by inflation. One-third
of the 1930 cohort received private pen-
sions, although the amounts were mod-
est–a median of less than $7,000 a year.
Further, more than four in ½ve mem-
bers of the 1930 cohort owned their 
own homes at retirement. Most had
bene½ted from the postwar real-estate
boom that tripled the real value of own-
er-occupied housing between 1950 and
1995. The 1930 cohort also had better
protection against medical costs than
ever before. Medicare, enacted in 1965,
provided basic health insurance cover-
age for the elderly and the disabled while
eight in ten also had supplementary cov-
erage.

Increasingly workers retired years be-
fore they died. One-third of men in the
1930 cohort stopped working before age
62, two-thirds before age 65. Average 
living standards approximated those of
younger adults. Averages, however, con-
cealed large disparities: only 4.3 percent
of elderly couples were poor in 1996,
compared to 18 percent of elderly single
men, 20 percent of elderly single wom-
en, and 36 percent of elderly single Afri-
can American women. Whatever the fu-
ture holds for the ½nal years of the 1930
cohort, its circumstances represent a
revolutionary improvement over the
experiences of their predecessors.

America’s 1960 cohort was better edu-
cated than any of its forebears. Only one
in eight dropped out of high school. Half
attended college and nearly one-fourth
earned a bachelor’s degree. The fraction
of the 1960 cohort with postbaccalaure-
ate education matched the share of the
1860 cohort who had completed high
school. But not all advanced at the same
pace. African Americans were only two-
thirds as likely as whites to earn a college
degree, and barely half of Hispanics
completed high school.

Even if the earnings of men with little
education grew more slowly than their
parents’ pay had, the 1960 cohort earned
more on their ½rst jobs than their par-
ents had three decades earlier. The jobs
½lled by members of the 1960 cohort
also required less brawn and more brain
than had jobs in the past. Three-½fths 
of men and 90 percent of women in the
1960 cohort worked in white-collar or
service-sector jobs. Still, roughly one-
quarter of men and a small but growing
fraction of women worked as craftsmen,
mechanics, miners, machine operators,
laborers, truck drivers, or in other phys-
ically strenuous jobs that become in-
creasing dif½cult to perform as one ages.
Women were better educated, worked
more hours, stayed in the labor force
with fewer interruptions, and earned
much more than women had previously.
As a result, more will be entitled to their
own private pensions and to Social Secu-
rity based on their earnings rather than
their husbands’.

Members of the 1960 cohort have told
pollsters that they hope to retire earlier
than have past generations. Unfortu-
nately, they have done little to prepare
economically for that event. By 2000,
only 31 percent of those born between
1954 and 1964 had nonhousing assets
worth more than $100,000, and 49 per-
cent had accumulated less than $50,000,
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a sum that would support an annuity of
less than $4,000 a year. In their failure 
to save, the 1960 cohort differ little from
their forebears, who began to save, if
at all, only in their forties and ½fties.
Members of the 1960 cohort may ½nd 
it even harder to save when they reach
those ages, though, because many mar-
ried late and deferred childbearing. As 
a result, many will face tuition bills and
other costs of childrearing until late in
their lives.

On the bright side, more members 
of the 1960 cohort will have more size-
able pensions than previous genera-
tions. The declining fraction of employ-
ees with pensions tied to previous earn-
ings, so-called de½ned-bene½t plans, 
will ½nd them more secure than in the
past because the Employee Retirement
Income Security Act of 1974 set vesting
rules and the Pension Bene½t Guaranty
Corporation guarantees all or much of
promised pensions. On the other hand,
the massive shift to pensions whose
value depends on the market price of
stocks and other assets, so-called de-
½ned-contribution plans, means that 
the pensions of the 1960 cohort will 
face the risk of losing value just when
they are needed. If the pensions are not
converted into annuities, these risks will
persist even after bene½ts are being paid.
More than previous cohorts, members
of the 1960 cohort will also confront the
possibility that they will outlive their as-
sets. One-½fth of men who reach age 65
are projected to be alive at age 90, and
half of women alive at age 65 are expect-
ed to live past their eighty-seventh birth-
days.

If members of the 1960 cohort retire
when they say they will, those who reach
retirement age will spend an average of
roughly one-third of their adult lives in
retirement. But retirement patterns may
change as rising budgetary costs force

cutbacks in publicly ½nanced pension
and health bene½ts. Out-of-pocket 
medical expenditures may discourage
older people from leaving primary 
jobs as soon as they now do or from
withdrawing from the labor force com-
pletely.

Undeterred by the demonstrated in-
capacity of even the brightest people to
anticipate future conditions or events,
many claim to see clearly into the dis-
tant future. David Cutler, a Harvard pro-
fessor and dean, once spoke disparaging-
ly of “spreadsheet policy analysis,” the
extraordinary disposition of some ana-
lysts to take seriously the mindless ex-
trapolation of unreliable assumptions
decades or even centuries into the fu-
ture. What should be clear to all who try
to anticipate the implications of popula-
tion aging for today’s and tomorrow’s
newborns is that only a few things are
clear.

One, the proportion of the population
that is elderly will increase. This trend is
almost certain because the large cohorts
of baby boomers who will start reaching
age 65 in 2008 are already alive. Almost
as certain is that tomorrow’s elderly, like
today’s, will be mostly women. Of those
over age 65, 58 percent are female; of
those over age 85, 69 percent are female.
Female life expectancy exceeds male life
expectancy by about ½ve years. As wom-
en are also typically younger than their
husbands, women are more likely to out-
live their husbands and can anticipate
about ten years of widowhood.7 It is al-
so likely that life expectancy will con-
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tinue to increase, though by how much
remains highly uncertain.8 However, a
drop in longevity, caused by widespread
obesity or a global pandemic that sci-
ence is unable to control, is not out of
the question.

In any event, the physical and men-
tal condition of the elderly during these
added years counts more than the mere
number of years added to the human 
life span.9 A nation swarming with dod-
dering seniors incapable of working or
even of caring for themselves would face
nasty challenges. On the other hand, a
nation replete with mentally and physi-
cally active elders who might even delay
retirement a few years would enjoy an
extraordinary economic and social op-
portunity. The speed and character of
advances in medical knowledge give rea-
son for optimism, if not for con½dence,
that increased longevity will lengthen
life, not prolong dying. Understanding
and controlling the processes that un-
derlie Alzheimer’s disease and other
forms of senile dementia and arthritis
are within the reach of medical science.

Subject to these uncertainties, the na-
tion of 2050 is quite likely to be richer
and better educated than its forebears,
even if the rate at which longevity in-
creases slows. Growth of per capita in-
come will continue as the fruits of in-
formation technology, such as data 
processing that abets advances in mo-
lecular biology, continue to spread.10

According to estimates by Kevin Mur-
phy and Robert Topel, the welfare gain
from increased longevity between 1970
and 2000 was worth about as much as 
all economic growth over that period.11

Factors other than advances in health
care contributed to this increase, of
course. But improvements in the treat-
ment of heart attacks and reductions 
in the number of low– birth weight in-
fants yielded bene½ts worth about six
and ½ve times the added cost of medi-
cal care respectively.12 And eliminating
half the deaths from heart disease or
cancer would produce bene½ts greater
than annual gdp to current and future
Americans. Moreover, these estimates
make no speci½c allowance for enhance-
ments in the quality of life that would
result from better medical care.
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10  J. Bradford DeLong, Claudia Goldin, and
Lawrence F. Katz, “Sustaining U.S. Economic
Growth,” in Agenda for the Nation, ed. Henry 
J. Aaron, James Lindsay, and Pietro Nivola
(Washington, D.C.: Brookings Institution
Press, 2003), 17–60.

11  Kevin M. Murphy and Robert H. Topel 
place the gain from increased longevity at $3.2
trillion a year. gdp rose from just over $1 tril-
lion in 1970 to just over $9 trillion in 2000. See
Kevin M. Murphy and Robert H. Topel, “The
Value of Health and Longevity,” The National
Bureau of Economic Research, Working Paper
11405, June 2005.

12  David M. Cutler and Mark C. McClellan, 
“Is Technological Change in Medicine Worth
It?” Health Affairs 20 (5) (September/October
2001): 11–29.

live their wives by an average of 9.75 years. Per-
sonal communication from Stephen Goss, chief
actuary of the Social Security Administration.

8  James Vaupel thinks that today’s newborns
will typically live into the next century. Other
demographers simply extrapolate trends of the
more or less recent past and predict that life ex-
pectancy will continue to increase one or two
years with each passing decade. Jay Olshansky
and various colleagues worry that obesity, pan-
demics, or other events will reverse the increase
in life expectancy.

9  Alexander M. Capron, “Ethical Aspects of
Major Increases in Life Span and Life Expec-
tancy,” and Margaret Battin, “Comments,” in
Henry J. Aaron and William B. Schwartz, Cop-
ing with Methuselah: The Impact of Molecular
Biology on Medicine and Society (Washington,
D.C.: Brookings Institution Press, 2004),
198–234, 235–246.



It is possible that future advances may
not bring bene½ts as large as those of
past innovations. The twenty-½rst cen-
tury has a tough act to follow: the twen-
tieth century saw massive reductions in
infant and childhood mortality, the in-
troduction of arti½cial joints and ct
and mri scans, and the virtual elimina-
tion of broad classes of infectious dis-
eases. But this century has opened aus-
piciously with the sequencing of the
human genome, an event that may re-
veal the fundamental processes of par-
ticular illnesses and of biological aging
and senescence and heralds the possi-
bility of individualized medicine, where
treatments are tailored to the speci½c bi-
ological characteristics of each person.
Even if the twenty-½rst century does 
not live up to the more overheated ex-
pectations of some observers, there is
good reason to hope that Alzheimer’s
disease, diabetes, and some forms of
cancer will become curable or even pre-
ventable. These improvements will be
costly, however. In fact, they are likely 
to be so expensive that they will force
extremely dif½cult and divisive politi-
cal choices and economic tradeoffs. But
technical advance will be a cruel tease if
few can afford it.

Total spending on the products made
possible by scienti½c revolutions typi-
cally increases, even as the prices of
these products fall. The automobile, the
airplane, television, and the computer
reduced the price of moving a person or 
a ton of merchandise a mile, of hearing
an opera or seeing a drama, and of car-
rying out an arithmetic computation. At
the same time, they raised total spending
on these activities because they raised
the standards of quality, thus increasing
the quantities that people demanded. No
one bewailed the growth in the share of
income devoted to transportation, enter-

tainment, or computation, however. In-
stead, as other, less satisfying forms of
consumption gave way to the new tech-
nologies, people celebrated the improve-
ment in living standards.

So also demand for medical treat-
ments has dramatically increased as
medical advances have improved the
chances for bene½cial outcomes while
reducing the price of achieving these
outcomes. Largely because of such ad-
vances, total U.S. spending on health
care multiplied more than ninefold 
and tripled as a share of gdp between
1960 and 2003. There is every reason to
expect future medical advances to add 
to age-adjusted, per capita spending on
health care. Population aging will ampli-
fy this growth, but advances in medical
technology are likely to remain the prin-
cipal force driving up health-care spend-
ing.13

If health-care spending were to con-
tinue growing at the same rate as in 
the past half century, about 2.5 percent-
age points a year faster than the growth
of per capita income, the fraction of
income devoted to health care would 
reach 33.6 percent in 2030 and 36.1 per-
cent in 2040. Increases in health-care
spending would claim half of income
growth by 2022 and all of it by 2051. If
Medicare and Medicaid spending were
to rise at the same rate, outlays on these
two programs alone would rise from 4.2
percent of gdp in 2005 to 11.5 percent 
by 2030, and 16.1 percent by 2040.14 For
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These projections are taken from the Congres-
sional Budget Of½ce.



purposes of comparison, all income and
payroll taxes combined will comprise 16
percent of gdp in 2006.

These projections suggest that taxes,
premiums, and cost sharing will have to
increase and that coverage will have to
be restricted. A more dif½cult problem
arises from the fact that most health 
care is consumed during episodes of ill-
ness when total spending is so high that
any adequate insurance plan will cover
all, or nearly all, costs at the margin. In
this situation, patients have economic
incentives to seek, and conventionally
reimbursed providers have every incen-
tive to assure that patients receive, all
care however high the cost or low the
bene½t.

Health-care rationing curbs such 
high-cost, low-bene½t care for well-
insured patients. Most people and all
politicians recoil now at the prospect 
of health-care rationing. This reaction 
is misplaced because such rationing
would improve welfare by redirecting
resources from uses that produce ben-
e½ts smaller than cost and make them
available for services that produce ben-
e½ts greater than cost. Whether the na-
tion can ration health care accurately
and fairly, though, is far from certain,
but trends in health care indicate that 
a national debate about health-care ra-
tioning is inescapable.15

Even with higher cost sharing and
well-designed rationing, Americans–
and citizens of all other advanced na-
tions–are going to end up paying far
more than they now do for health care.
Population aging will intensify this
trend.

Even if maturity brings certain com-
pensations and opportunities,16 no one
welcomes the loss of physical and men-
tal capacities associated with aging. But
the problems that aging individuals face
is not the cause of ‘aging angst.’ Rath-
er, it stems from a sense that a large in-
crease in the fraction of people who are
‘old’ will make life much less attractive
for the young. The fear is that the el-
derly will be economically inactive and
otherwise unproductive, that they will
not have saved enough during their eco-
nomically active years to provide for
themselves during their inactive years,
and thus, that they will impose crushing
tax burdens on the declining fraction of
the population who are economically
active.

It is certainly possible for nations to
bring calamity on themselves through
mismanaged policies, as the histories 
of Argentina throughout the twentieth
century, most of Africa after the end of
colonial rule, and the Russian empire
under communism clearly attest. But we
can manage the problems of population
aging easily. To do so, American policy-
makers need to keep a few basic facts 
in mind. First, apart from borrowing 
or lending from foreigners, all national
consumption comes from currently pro-
duced goods and services. How that con-
sumption is divided between the eco-
nomically active and inactive depends
on the relative size of these two groups
and their relative living standards. Sec-
ond, consumption by the economically
inactive can be ½nanced either by their
own past savings or by current taxes on
the economically active. Third, past sav-
ings are responsible for today’s capital
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stock, which influences today’s produc-
tive capacity. Finally, past savings also
can be used to support today’s elderly.

The lesson of these simple economic
relations is straightforward. Americans
can prepare now to meet the macroeco-
nomic ‘challenge’ of aging by insisting
on public policies to promote high na-
tional saving. That will add to tomor-
row’s productive capacity. High saving
would also reduce borrowing from
abroad, which generates debts to for-
eigners that tomorrow’s active work-
ers will have to either repay or pay debt
service.

Yet recent economic policy has moved
resolutely in the direction of encourag-
ing consumption with permanent tax
cuts. Recent discussions of pension re-
form have also lacked explicit proposals
to encourage future generations of work-
ers to delay retirement, which would re-
duce pension claims. By extending drug
coverage to the elderly and disabled,
Congress has further committed the
nation to providing a needed bene½t 
but failed to pay for it, thereby increas-
ing borrowing and deepening the fu-
ture ½scal challenges of population ag-
ing. Measured over the next seventy-½ve
years, the Medicare Modernization Act
will also add to federal borrowing an
amount nearly twice the projected short-
fall in Social Security. Thus, current poli-
cy has aggravated, rather than ameliorat-
ed, the ½scal problems of population ag-
ing.

The ½rst step in dealing with the ‘ag-
ing problem’ is to avoid public policies
that enlarge it.

The second step is to recognize that
the U.S. ‘aging problem’ is among the
smallest in the developed world.

The third step is to recognize that
although population aging will pre-
sent some ½scal challenges, it is the by-

product of a monumentally bene½cial
achievement–increased longevity–and
an inevitability–declining birth rates.

Longer life spans will doubtless create
some problems. But as the old saying
goes: Consider the alternative.
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Last scene of all, that ends this strange 
eventful history,

Is second childishness, and mere 
oblivion . . . 

–Shakespeare, As You Like It

Before the last century, only a small
portion of the human population sur-
vived into the eighth decade of life.
Those few individuals who successful-
ly avoided the myriad causes of adult
mortality–principally, infectious dis-
eases, trauma, and cardiovascular fail-
ure–were expected to face a steady at-
trition of their most human qualities:

memory, reasoning, judgment, abstrac-
tion, and language. In the popular mind,
and even among scientists and philoso-
phers, the idea that great age inevitably
brought about an inability to think clear-
ly was widely accepted. But intensive re-
search into the pathology and biochem-
istry of the aging brain during the last
few decades has revealed that speci½c
diseases cause major impairment of cog-
nition late in life and that the process 
of aging per se results only in relatively
subtle changes in certain mental func-
tions.

This reinterpretation of the nature of
the aging mind has profound implica-
tions on both the personal and societal
levels. In contrast to the assumption in-
herent in Jacques’ soliloquy, the passing
of time does not by itself destroy our
ability to think cogently. Rather, certain
diseases that devastate those areas of the
brain serving memory and cognition be-
come increasingly prevalent after age 70
or so. For example, the two major causes
of late-life dementia in most developed
nations, Alzheimer’s disease and multi-
ple small strokes (multi-infarct demen-
tia), afflict just a few individuals in their
forties or ½fties, but the numbers rise
very substantially in the mid-sixties and
beyond.

In this sense, aging, the passage of
time, does contribute to the develop-
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ment of dementing diseases in at least
two broad ways. First, over time, the
brain accrues molecular and cellular
defects in neurons and glia, which re-
duce its physiological reserve, just as
occurs in muscle cells with age. This
process makes the brain more suscep-
tible to loss of function if and when a
neurological disease is imposed. Second,
some of the speci½c diseases that cause
dementia require great time to produce
enough brain abnormalities, or lesions,
to compromise function. For instance, 
in Alzheimer’s disease and certain oth-
er dementias, a lot of time is needed to
reach a critical tissue concentration of
particular proteins that allows for their
polymerization into potentially toxic
forms. In short, the process of brain ag-
ing can contribute to the development 
of a clinically noticeable dementing ill-
ness, but aging by itself appears to be in-
suf½cient to cause the illness.

Life expectancy at birth in the United
States and in many other developed na-
tions has risen from roughly ½fty years
in 1900 to more than seventy-½ve years
in 2000, an unprecedented 50 percent
increase in just one century. This sud-
den jump in average longevity is the
result of major improvements in public
health, intensive biomedical research,
and subsequent pharmacological, surg-
ical, and lifestyle interventions. It is by
no means assured that life expectancy
will continue to rise in the coming cen-
tury, with the threat of highly resistant
infectious diseases and an emerging ep-
idemic of obesity and associated meta-
bolic disease.1 Nevertheless, the sheer
number of humans now surviving be-

yond eighty years and the accompany-
ing social and economic stresses demand
that the scienti½c community focus far
more attention on the determinants of
successful aging and the prevention of
age-linked disease–particularly in the
brain, which helps regulate non-neural
organ function.

Based on personal observation, many
people have come to realize that the ag-
ing process does not usually wreak hav-
oc on the mind. But as recently as thirty
years ago, gerontologists and neurosci-
entists were not at all sure of this conclu-
sion and continued to catalog a complex
array of relatively minor de½cits in the
numbers and biochemical properties 
of brain cells in aged mammals, includ-
ing humans. Understandably, scientists
focused mostly upon the health of neu-
rons, the excitable cells in the brain that
convey signals through electrochemical
impulses–for example, a response to
light impinging upon the photoreceptor
cells of the retina or to sound waves vi-
brating the hair cells of the inner ear.
Because the long cytoplasmic exten-
sions of neurons, the axons and den-
drites, pass information from one place
to another in the brain, age-related de-
fects in the innumerable molecules that
allow them to do so could lead to cogni-
tive failure. Indeed, scientists have docu-
mented a host of quantitative and quali-
tative changes in neuronal receptors, en-
zymes (specialized proteins that catalyze
chemical reactions), structural proteins,
and lipids in the brains of aged rodents,
lower primates, and humans.

But when one counts the actual num-
bers of surviving neurons in aged versus
middle-aged or young brains, most brain
regions show very little or no signi½cant
neuronal attrition. This recent realiza-
tion flies in the face of the long-held as-
sumption that neurons steadily die out
during the life span, a conclusion based
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(2005): 1138–1145.

Dædalus  Winter 2006 59



60 Dædalus  Winter 2006

Dennis J.
Selkoe
on
aging

on what we now recognize as technically
flawed cell-counting methods. For ex-
ample, the number of pyramidal neu-
rons in certain areas of the hippocam-
pus, a seahorse-shaped brain region crit-
ical for memory, does not decline appre-
ciably in older humans.

On the other hand, the number of
neurons in the substantia nigra–a small
cluster of neurons in the brain stem that
secrete the neurotransmitter dopamine
–does decline steadily with age, perhaps
because these cells produce the pigment
neuromelanin as a by-product of their
dopamine metabolism, a process that
results in the excessive oxidation of pro-
teins and lipids. The age-related dys-
function and loss of substantia nigra neu-
rons likely contributes to the decreased
speed and fluidity of movement and
somewhat stooped, shuffling gait that
very old people often display. This ½nd-
ing provides an example of the relation-
ship of the aging process in the brain to
diseases of the elderly. Age-associated
nigral cell loss, which may normally
amount to 30 to 50 percent or so of these
neurons, is not suf½cient to induce the
clinical syndrome of Parkinson’s dis-
ease. However, this level of attrition may
reduce the physiological reserve enough
so that a superimposed insult, e.g., the
presence of an inherited mutation in a
speci½c gene or prolonged exposure to
an environmental toxin, may elevate the
degree of nigral cell loss to some 70 to 
80 percent, enough to produce clinically
apparent symptoms of Parkinson’s dis-
ease. But it must be added that the loss
of neurons during normal aging in the
substantia nigra is more severe and pre-
dictable than one observes in many oth-
er regions of the brain such as the cere-
bral cortex.

Even when the absolute number of
neuronal cell bodies does not decline

substantially, the brains of older mam-
mals reveal a remarkable array of cellu-
lar and molecular alterations. There are
defects in nuclear and mitochondrial
dna; in many different proteins, partic-
ularly enzymes; and in the lipids of the
membranes enveloping cells and inter-
nal organelles. What bearing do these
diverse molecular changes have on the
mind?

For most of us, the answer is very lit-
tle. In aged people without Alzheimer’s
disease and other mind-threatening ill-
nesses, the clinical effects of biochemi-
cal and anatomical alterations seem to
be modest. In many studies reporting
age-related neurochemical de½cits–
such as a reduction in a particular en-
zyme or in certain proteins or rna mol-
ecules–the levels or functional activities
in elderly adults have ranged from 5 to 
30 percent below those in young adults.
And though a 30 percent loss might
seem quite high, such gradual declines
over several decades often have little
measurable effect on thinking. Indeed,
positron emission tomographic (pet)
scans and functional magnetic reso-
nance imaging (fmri) scans show that
the brains of healthy people in their
eighties are almost as active metaboli-
cally as those of people in their forties.
In some brain regions such as parts of
the frontal cortex, healthy aged humans
may even exhibit more metabolic activ-
ity, though it is unclear whether this
seemingly paradoxical rise in activity
represents the brain’s attempt at com-
pensation for some neuronal loss or just
a nonspeci½c and potentially adverse re-
cruitment of remaining local neurons.2
Overall, the aged brain tolerates relative-

2  R. L. Buckner, “Memory and Executive
Function in Aging and ad: Multiple Factors
that Cause Decline and Reserve Factors that
Compensate,” Neuron 44 (2004): 195–208.



ly small de½cits in neuronal structure
and function rather well, although cer-
tain mental functions required for high-
ly specialized activities–such as the rap-
id visual-motor tasks required to pilot 
a 747 or perform complex surgery–may
become compromised in older humans.

Epidemiological and neuropsycholog-
ical studies generally paint a similar pic-
ture to that emerging from neurobiologi-
cal research. Estimates of the prevalence
of senile dementia–the progressive loss
of cognitive function after roughly age
65–vary widely, but most data suggest
that a large majority of individuals in
their seventies and eighties are free of
signi½cant cognitive loss that interferes
with daily function. And analyses of
healthy elderly adults reveal only sub-
tle declines in performance on tests 
of memory, perception, and language.
One decrement on which numerous
studies agree, however, is a reduction in
the speed of some aspects of cognitive
processing. Hence, septuagenarians are
often unable to quickly retrieve certain
details of a particular past event–say,
the precise date or place–although they
are often able to recall the information
minutes or hours later. Given enough
time and an environment that keeps
anxiety at bay, many healthy elders score
almost as well as young or middle-aged
adults on tests of mental performance. 
A measure of guarded optimism emerges
from investigations of ‘normal brain ag-
ing’: one may not learn or remember as
rapidly later in life, but one may learn
and remember nearly as well.

The range of brain diseases that express
themselves as a progressive loss of intel-
lectual function is remarkably broad.
Vascular, metabolic, infectious, neoplas-
tic, traumatic, and degenerative disor-
ders can all present with symptoms of
dementia.

At different times over the course of
the last century, various disorders have
assumed greater or lesser relative impor-
tance in contributing to late-life demen-
tia. In the early 1900s, for example, neu-
rosyphilis was considered a common
cause of dementia; Alzheimer’s disease
had not yet been recognized as a speci-
½c brain disorder. More recently, the
proportion of dementia cases attributa-
ble to one or more strokes has declined
because of the successful control of hy-
pertension and hyperlipidemia and the
gradual reduction in some types of car-
diovascular disease. When Alzheimer’s
disease comes under reasonable medi-
cal control, other disorders will assume
greater relative importance in the differ-
ential diagnosis of late-life dementia.

But in developed countries today, Alz-
heimer’s disease is still by far the most
common basis for senile dementia,
accounting for some one-half to two-
thirds of all cases. For several decades
after Alois Alzheimer reported his index
case, a 53-year-old woman from Frank-
furt, the disorder was classi½ed as a rare
‘presenile’ dementia, that is, a dementia
having its onset prior to roughly age 65.
But in the mid-1960s, three British scien-
tists–Garry Blessed, Bernard Tomlin-
son, and Martin Roth–conducted land-
mark clinical-pathological correlative
studies that made clear what some ear-
lier investigators had suspected: com-
mon senile dementia is usually associat-
ed with the classical ½ndings in the brain
that Alzheimer had described. The term
‘senile dementia of the Alzheimer type’
was subsequently coined, but nowadays,
‘Alzheimer’s disease’ designates this
syndrome, regardless of the age of onset.
For research purposes, one still refers to
‘early-onset ad’ and ‘late-onset ad,’ di-
vided arbitrarily at age 65, but little evi-
dence exists that these are fundamental-
ly distinct biological processes or that
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we could not ultimately treat them as
one entity.

In the United States, multi-infarct de-
mentia has long been considered the
second most common basis for late-life
dementia, even though Parkinson’s dis-
ease-associated dementia plus a related
disorder, Lewy body dementia (named
after the characteristic neuronal lesion
that de½nes Parkinson’s disease), are
now equally if not more prevalent. Care-
ful microscopic analyses of autopsied
Parkinson’s disease brains often reveal
the features of ad or else ad plus Lewy
body dementia, confounding precise
diagnostic classi½cation. Nevertheless,
‘pure’ Alzheimer’s disease is still the
most common neuropathological ba-
sis for late-life dementia in the United
States and most developed countries. 
A number of less common causes of de-
mentia, including frontotemporal de-
mentia and Creutzfeld-Jakob disease,
share certain pathological or biochemi-
cal features with ad, but they are etio-
logically distinct.

Virtually everyone beyond late middle
age has worried that an occasional mem-
ory lapse–a name forgotten or an object
misplaced–could represent the earliest
sign of ad. But such momentary losses,
with recovery of the detail within min-
utes and a complete awareness of the
lapse, are usually not progressive. In
contrast, the repeated inability to re-
member recent, minor episodes of dai-
ly life–a call from a friend, a trip to the
department store, the paying of a bill, 
a brief news story–can represent the
earliest harbinger of ad. In a condition
now referred to as ‘mild cognitive im-
pairment (mci)-amnestic type,’ the
individual shows a subtle, intermittent
decline in episodic memory but is oth-
erwise intact cognitively and performs
very well in everyday life. Evidence from
structural and functional magnetic reso-

nance imaging of mci-amnestic brains
suggests that the neuronal dysfunction 
is restricted to the hippocampus and 
a small number of other brain struc-
tures connected to it. Studies of the fate
of mci-amnestic subjects over time sug-
gest that roughly 12 to 15 percent of them
‘convert’ to clinically diagnosable, mild
ad each year, meaning that these indi-
viduals begin to exhibit signs of a more
general disturbance of recent memory 
as well as disorientation to time and
place, decreased attention span, confu-
sion in executing complex tasks, and
sometimes, dif½culty in ½nding words.
This slow progression of cognitive
symptoms occurs in an individual who
appears fully alert and demonstrates no
abnormalities of the motor system, e.g.,
decreased mobility, stiffness, and slowed
gait, until later in the disease.

What causes this initially subtle but
ultimately devastating loss of higher 
cortical function? The answer has be-
gun to emerge from three decades of
intensive neuropathological, biochem-
ical, and genetic research. While there 
is still earnest debate about the detailed
sequence of events, the majority of sci-
entists researching ad now believe that
the misfolding, aggregation, and accu-
mulation of a small protein of forty-two
amino acids, the amyloid ß-protein (aß),
initiates a complex cascade of molecular
and cellular changes that compromise
neuronal function in brain regions serv-
ing memory and cognition.

According to this scenario, widely
referred to as the ‘amyloid (or aß) cas-
cade hypothesis,’ a chronic imbalance
between the production and the clear-
ance of this otherwise normal protein
arises in the brain long before the ½rst
symptoms of dementia. This accumu-
lation leads to the self-association of
aß into ‘oligomers’ (doublets, triplets,



quadruplets, etc.), which in turn can
assemble into ½lamentous polymers
(‘amyloid ½brils’) that clump together 
to form the cores, or spherical centers, 
of tiny plaques. These amyloid deposits
are gradually surrounded by degenerat-
ing axons and dendrites (collectively
called neurites) and activated brain in-
flammatory cells (microglia and astro-
cytes), completing the formation of so-
called neuritic plaques.

During this slowly evolving process,
some of the neurites within and adja-
cent to the emerging plaque develop rig-
id intracellular ½laments, or ‘paired he-
lical ½laments,’ that are composed of
a neuronal protein called tau. Tau ½la-
ments also accumulate in large bundles
that comprise the neuro½brillary tangles
found inside many neuronal cell bodies
in the hippocampus and cerebral cortex,
as well as in certain subcortical neurons
that send their axons to these areas. In
short, the accumulation and self-assem-
bly of the aß protein is believed to initi-
ate a series of ½rst functional (biochem-
ical) and then structural (anatomical)
changes in selected neurons, to the ul-
timate detriment of the thinking pro-
cess.

Perhaps the most compelling evi-
dence for this aß hypothesis has come
from identifying and characterizing
genetic mutations that cause rare inher-
ited forms of ad. It is a truism of mod-
ern biomedicine that searching patients’
genomes for faulty genes opens up the
study of diseases of previously unknown
cause and mechanism. For example, un-
til the cloning of the Huntington gene 
in 1993, no one had any real clue as to
what might be killing off certain brain
neurons in patients with Huntington’s
disease. In this and many other heritable
diseases, the unbiased search of the hu-
man genome for the genes responsible
for the disease allowed scientists to sub-

sequently formulate biochemical hy-
potheses about what actually kills cells.
But in the case of Alzheimer’s disease,
the opposite sequence occurred: prog-
ress in the 1980s in understanding the
biochemistry of the disease identi½ed
the proteins that comprise the plaques
and tangles, providing geneticists with
key clues to the location of the dna mu-
tations that might cause Alzheimer’s dis-
ease.

In 1991, researchers discovered the ½rst
mutation responsible for ad on chromo-
some 21, speci½cally in the gene that en-
codes the amyloid precursor protein
(app), the parent protein of aß. In addi-
tion to the fact that app molecules give
rise to the aß fragments that form the
neuritic plaques, a crucial clue that the
app gene might be the site of an ad-
causing defect came from a disorder 
at the opposite end of the life span:
Down syndrome. Humans with Down
syndrome, or trisomy 21, the most com-
mon form of chromosomal duplication
compatible with life, invariably develop
the plaques and tangles of ad in their
thirties and forties. This is because they
harbor three copies of the app gene in
all of their cells, rather than the usual
two copies. The extra copy of the app
gene results in a roughly 50 percent in-
crease in the cellular levels of the app
protein throughout life and the conse-
quent start of aß deposition in the Down
syndrome brain as early as age 10.

Another powerful clue pointing to 
the app gene had come from studying 
a family in the Netherlands with a his-
tory of multiple brain hemorrhages
caused by the severe build-up of the 
aß protein in cerebral blood vessels. In
1990, scientists discovered that a muta-
tion in the app gene that changes a sin-
gle amino acid within the aß region of
app was responsible for this rare disor-
der, demonstrating for the ½rst time that
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mutations in app could cause aß accu-
mulation.

With all of this knowledge in hand,
geneticists scrutinized the app region 
of chromosome 21 in a few families with
a hereditary form of ad that led to the
onset of dementia in the ½fties. In one
such family, they discovered a ‘missense’
mutation in app that changed one ami-
no acid near the end of the sequence
encoding the aß region to another. The
study of other families with early onset
of ad revealed additional app missense
mutations, most of which occurred in
amino acids either at the beginning or 
at the end of the forty-two-residue aß
region. Tellingly, geneticists did not ½nd
any ad-causing mutations away from
the aß region of this large (770–amino
acid long) precursor protein, indicating
that the mutant amino acids might lead
to increased cutting of app at the begin-
ning or end, resulting in the heightened
production of the aß fragment.

As these genetic ½ndings were emerg-
ing, a major biochemical discovery was
made: all cells normally produce the aß
peptide throughout life. Thus, aß is the
product of healthy app metabolism in
all of us, implying that unknown factors
–genetic, environmental, or both–can
increase its production or decrease its
degradation in those individuals who
develop ad, all of whom have too much
aß in their brains.

Putting together these two key obser-
vations–that healthy cells continually
make aß and that rare mutations within
its precursor, app, can cause ad–led to
groundbreaking experiments. Inserting
a gene that bore an ad-causing app mu-
tation into cultured cells resulted in sig-
ni½cantly greater aß production. Scien-
tists could now study many details of
the production and metabolic fate of aß
in simple cell models. They could also
use such cells to screen large libraries of

drug-like molecules and pinpoint com-
pounds that lower aß production with-
out damaging the cells. And through the
wonders of genetic engineering, scien-
tists could also create ‘transgenic’ mice
that express a human app gene bearing
an ad-causing mutation. After consider-
able trial and error, the latter approach
generated several highly useful mouse
lines that mimic several, but not all, fea-
tures of ad in their brains, including 
the abnormalities of neurites and glia
around the amyloid plaques. As they 
age, these mice develop de½cits in cog-
nition such as dif½culty remembering
how to negotiate mazes ef½ciently. Tak-
en together, these and many other ex-
periments have produced a wealth of
evidence that ad can arise at least in
part from an imbalance in the econo-
my of the aß protein in brain regions
important for memory and cognition.
The practical outcome has been to en-
courage scientists to ½nd ways to lower
aß levels in humans.

Still, there are many unanswered 
questions about the aß hypothesis.
What causes the imbalance in aß levels
in the brains of the large majority of ad
patients who do not have known genet-
ic mutations? For example, can environ-
mental factors influence the brain’s aß
levels? Does the aß peptide begin to ag-
gregate inside the neuron before the aß
oligomers are exported into the extracel-
lular space and then bind back to the
cell? Which type of brain cell–neurons,
microglia, or astrocytes–is the ½rst to
respond adversely to the excess of aß in
the local microenvironment? Precisely
why do neuronal extensions, i.e., axons
and dendrites, respond with an aggrega-
tion of their tau protein? Are the result-
ant tau aggregates the prime culprits in
compromising neuronal function and
ultimately killing the neurons? And per-
haps most perplexing, how does the en-



tire process select for neurons serving
memory and cognitive function?

Answering all of these questions in
detail should not be necessary in order
to treat or even prevent Alzheimer’s 
disease. Because human genetic data 
and the modeling of the effects of the
faulty genes in engineered mice have
continued to support the aß hypothe-
sis, scientists in both academia and the
biopharmaceutical industry have spent
the last decade devising strategies to in-
terrupt the aß cascade at an early point 
in its development.3 Without know-
ing precisely how aß compromises the
functions of selected neurons, they have
searched for compounds that can de-
crease brain aß levels, initially in mouse
models.

Three broad approaches have been
conceptualized. First, one could partial-
ly inhibit one of the two specialized en-
zymes, ß-secretase and γ-secretase, that
cut app to release the aß region. Second,
one could allow these reactions, which
occur normally in all of us, to proceed
unimpeded but instead prevent a single
aß protein, a monomer, from binding
with another to form oligomers, the
small aggregates that appear to initiate
the amyloid build-up and the associated
short circuiting of neurons. Third, one
could attempt to ‘clear’ the brain of var-
ious forms of aß, including monomers,
oligomers, and larger amyloid deposits.

The ½rst approach–inhibiting the 
protein-cutting enzymes that generate
aß–is somewhat analogous to the use 
of statin drugs to decrease cholesterol

production. Several groups have iden-
ti½ed inhibitors of ß-secretase, the en-
zyme that cuts app ½rst. But these in-
hibitors require modi½cation to make
them more potent yet still able to pene-
trate the blood brain barrier and achieve
effective levels in brain tissue. At this
writing, there are no such ß-secretase
inhibitors ready for human testing. Sci-
entists have also discovered many small
molecules able to inhibit γ-secretase, the
enzyme that makes the second and ½nal
cut of app. Unfortunately, most of these
molecules also interfere with the cutting
by γ-secretase of a protein called ‘Notch’
that is crucial for the normal function-
ing of most cells. However, the serendip-
itous discovery that certain anti-inflam-
matory drugs like ibuprofen can gently
‘tweak’ γ-secretase to lower the produc-
tion of aß42, a particularly noxious form
of aß, without decreasing Notch cleav-
age has helped researchers continue to
pursue this approach. And since the anti-
inflammatory properties of such drugs
are not responsible for this selectivity,
scientists have identi½ed and are now
testing in humans derivatives that solely
tweak γ-secretase. Early trial results sug-
gest that these specialized ‘γ-secretase
modulators’ may indeed slow cognitive
decline, at least in some ad patients.

The second approach, preventing the
self-assembly of aß into oligomers and
½brils, makes good theoretical sense but
has received less attention. While some
compounds have performed well in test-
tube experiments, very small assemblies
of aß (dimers and trimers) can already
interfere with synaptic function and
behavior, raising concern that a partial
inhibition of aß aggregation might sta-
bilize such small species and actually
worsen the disorder.

The third approach–clearing aß from
the brain–has progressed the furthest to
date, advancing into human trials. Here,

3  D. J. Selkoe and D. Schenk, “Alzheimer’s
Disease: Molecular Understanding Predicts
Amyloid-based Therapeutics,” in Annual Review
of Pharmacology and Toxicology, vol. 43, ed. A. K.
Cho, T. F. Blaschke, P. A. Insel, and H. H. Loh
(Palo Alto, Calif.: Annual Reviews, 2003),
545–584.
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the novel idea of immunizing patients
with the very peptide that builds up in
their brains has led to evidence in mice
that one can ef½ciently clear aß plaques
with aß antibodies. This has been ac-
complished in two ways: either active-
ly vaccinating the mice with synthetic
aß so that they gradually generate their
own aß antibodies, or passively admin-
istering laboratory-made aß antibodies
to them. When the active vaccination
approach was initially tried in ad pa-
tients, some 6 percent developed in-
flammatory cell in½ltrates in the brain,
or meningoencephalitis, and the trial
stopped. The apparent reason for the
inflammation: some patients had gen-
erated specialized T-lymphocytes di-
rected against the tail end of the aß pep-
tide. Modi½ed active vaccines compris-
ing the front end only have now been
designed but not yet tested in humans.
In the meantime, a phase 2 trial of pas-
sive antibody administration is under-
way in ad patients, with initial results
hoped for by late 2006.

In addition to the above approaches 
to the aß part of the ad equation, there
are strategies that attempt to target oth-
er key steps in the disease cascade. These
include oxidative injury to neurons, the
build-up of tau as tangles, local inflam-
matory changes, or a potential imbal-
ance of certain metals such as copper
and zinc in the ad brain. The use of cell
culture and mouse models has assisted
in the development of each of these po-
tential therapies, followed in some cases
by the initiation of clinical trials. At this
writing, unequivocal evidence of suc-
cessful slowing of the disease has not
emerged, but hope runs high.

The advent of therapeutic agents that
slow and perhaps even prevent ad could
have profound effects on the aged hu-
man population, both on the individual

and the societal levels. A vaccination
strategy for a noninfectious disease in
late life is unprecedented. Were a safe
vaccine or another aß-lowering thera-
peutic such as a γ-secretase modulator
approved, healthy people might avoid
the onset of Alzheimer-type cognitive
loss by undergoing the therapy in late
middle age or perhaps even earlier. Such
an approach would have to include a for-
mal, semiquantitative assessment of an
individual’s likelihood of developing
ad. Components of such a risk assess-
ment may encompass a neurological ex-
amination that includes cognitive test-
ing, a detailed family history, a blood
screen for genetic mutations known to
predispose to ad or other dementias, 
a blood test for plasma aß levels, and a
special brain imaging procedure like the
emerging ‘amyloid scans’ that employ
an injected chemical agent to visualize
one’s cerebral aß burden. Such a multi-
component assessment could assign
individuals a rough probability of devel-
oping ad and perhaps other dementias,
and those in moderate- or high-risk cate-
gories could then be offered one of the
preventative agents envisioned above.

While such a combined diagnostic/
therapeutic paradigm seems achievable
with time, it raises dif½cult new ques-
tions. How can we administer such a 
relatively complex protocol to very 
large numbers of aging individuals?
How will we pay for it? Will only rela-
tively well-off individuals in developed
nations have access to it, at least for the
foreseeable future? And how will we
handle the ethical challenges posed by
widespread testing for the genetic risk 
of a major, brain-destroying disease?

And there are other social implica-
tions to ponder should a successful 
therapy for Alzheimer’s disease emerge
from current research. The prospect of
many more people retaining most of



their cognitive functions into late life
should accelerate the current trend to-
ward longer careers, potentially displac-
ing younger workers. And because im-
provements in the physical health of
octogenarians will likely accompany the
prevention of Alzheimer’s disease, and
later other dementias, we will need to
expand the availability of activities such
as driving, entertainment, tourism, and
½nancial services. Healthy elders them-
selves will presumably provide much of
the labor required to deliver these serv-
ices, but younger members of the work
force should also bene½t from these new
opportunities.

Medical questions also abound. Could
widespread access to effective therapy
for late-life cognitive failure actually in-
crease longevity? Certainly, the average
life expectancy at birth would rise mod-
estly, at least in developed societies, but
will resolving dementia have a direct 
and measurable impact on the maximal
age that humans achieve? Will many
more people live to 90 or 100 with their
mentation largely intact and then suc-
cumb fairly rapidly to other causes of
mortality? And will other, currently
infrequent forms of cerebral deteriora-
tion take the place of Alzheimer’s dis-
ease as the primary cause of dementia,
just as Alzheimer’s emerged strongly
after the eradication of neurosyphilis
and the more recent decline in strokes?

The looming prospect of solving Alz-
heimer’s disease should be incorporated
into the thinking of politicians, econo-
mists, and all those concerned about
planning the future of our societies.
While we will no doubt experience nu-
merous ½ts and starts along the way, it
appears increasingly likely that a world
with less Alzheimer’s disease lies ahead.
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The U.S. Social Security program 
provides an important ‘½rst pillar’ of
retirement income.1 Policymakers and
the media, therefore, pay considerable
attention to the ½nancial viability of
the program. Each year, the Social Se-
curity trustees release a report that sum-
marizes the ½nancial position of the
Social Security program. Among other
measures, the report draws attention to
the program’s ‘crossover date’ (the year
the program’s bene½t outlays will begin
exceeding its tax receipts), the date of
‘trust fund exhaustion,’ and the present

value of the program’s ½nancial short-
falls over the next seventy-½ve years.2

These measures have two problems.
First, they create a misleading impres-
sion of the program’s ½nancial outlook.
Second, they are biased against poten-
tial reforms that could improve the pro-
gram’s ½nances.

Fortunately, the trustees have recently
adopted new accounting measures that
deal with both problems. These meas-
ures reveal an $11.1 trillion present-value
shortfall, which equals about 3.5 percent
of the present value of all future taxable
payrolls. Unfortunately, because these
new measures are buried in the trustees’
report, they have received only scant
consideration from policymakers and
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the media. The newer measures should
receive greater attention. Indeed, were
these new measures taken more serious-
ly, reforming Social Security and Medi-
care could reemerge as the top policy
priority that it deserves to be.

Social Security covers almost the en-
tire U.S. population, providing partic-
ipants and their spouses with retire-
ment, disability, and other bene½ts dur-
ing different stages of life. Social Secu-
rity is currently the largest single out-
lay in the U.S. federal budget; many 
consider it one of the most successful
programs in U.S. history. Although So-
cial Security, on average, replaces only
about 40 percent of a worker’s annual
earnings before retirement, it provides
an important ‘½rst pillar’ of retirement
income. Indeed, for poorer retirees, So-
cial Security replaces 90 percent or more

of their previous earnings. Social Secu-
rity is often credited with reducing pov-
erty among the elderly in the United
States.3

Participation in Social Security is man-
datory for most occupations.4 Social Se-
curity is ½nanced by a 12.4 percent pay-
roll tax on covered earnings up to a lim-
it. This limit is currently $94,200, but it
increases each year with the economy-
wide average wage. Employer and em-
ployee split this tax evenly. Participants
become ‘fully insured’ after they have
worked in a covered job for forty calen-
dar quarters and earned more than a pre-
determined wage. Fully insured partici-
pants, however, do not acquire a con-
tractual right to speci½c amounts of ben-
e½ts.5 Instead, they earn a noncontractu-
al right to bene½ts that are governed by
the laws in effect when they become eli-
gible to receive bene½ts. These laws as
well as the bene½t formula are subject to
change by Congress.

Social Security’s bene½t formula is
similar to a private-sector de½ned-ben-
e½t plan’s, where a speci½c formula ap-
plied to a retiree’s wage history deter-
mines his or her bene½ts.6 In contrast,
voluntary, tax-favored de½ned-contribu-
tion retirement plans–401(k), 403(b),
Keogh, and others–generate retirement
income based directly on a person’s pre-
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a discount factor to future shortfalls and tak-
ing their sum. The further in the future that 
a shortfall occurs, the larger the discount fac-
tor applied. This is done to place dollars ac-
cruing at different points in time on an equal
valuation scale. Discount factors are usually of
the form [1/(1+r)]t. Here, r is an annual interest
rate that signi½es the ‘time value of money.’ If
investing $1 earns interest of 5 cents per year,
the value of $1 available today is the same as
$1.05 available next year. Similarly, the value 
of $1 available next year equals $[1/(1.05)]
today, which is less than $1: in other words,
this amount plus accrued interest will amount
to $1 next year. The discount factor applied 
to dollars accruing after t years is, therefore,
[1/(1.05)]t (where r=0.05). The ‘present value’
of all future ½nancial shortfalls is the sum of
those shortfalls taken after each is discounted
according to the number of years in the future
that it occurs. When calculating the present
value of projected shortfalls for government
programs, the appropriate interest rate to use 
is the ‘government’s interest rate’–the market
rate that it must pay lenders to obtain funds.
For Social Security, the annual inflation-adjust-
ed interest rate used in recent years by the pro-
gram’s trustees equals 3.1 percent.

3  Gary Engelhardt and Jonathan Gruber, “So-
cial Security and the Evolution of Elderly Pov-
erty,” National Bureau of Economic Research,
Working Paper 10466, May 2004.

4  A notable exception includes state workers
who are covered by state pension programs.

5  See the U.S. Supreme Court case, Nestor v.
Flemming, 363 U.S. 603 (1960).

6  One major difference is that Social Security
bases a retiree’s bene½t on many more years 
of earnings throughout his or her lifetime than
the number of years most private-sector de-
½ned-bene½t plans use to determine bene½ts.



vious contributions and subsequent
market investment returns.

Whereas previous contributions ‘ful-
ly fund’ withdrawals from voluntary tax-
favored retirement plans, Social Securi-
ty operated mostly on a ‘pay-as-you-go’
basis between the 1940s and the early
1980s: payroll tax revenue collected each
year was paid out almost immediately as
bene½ts rather than saved, thereby pro-
ducing rates of return on previous con-
tributions in excess of the risk-adjusted
rates of return that those contributions
could have earned in ½nancial markets.7
For those who retired shortly after So-
cial Security began, this ½nancing struc-
ture meant that they received more ben-
e½ts from Social Security in present val-
ue than they had paid in payroll taxes.
These windfalls occurred each time that
Congress expanded Social Security’s
coverage and bene½ts, after 1950 until
well into the 1970s.8

Unfortunately, the windfalls awarded
to prior generations of retirees do not
come for free: future generations must
pay for them by receiving lower rates of
return on their payroll taxes compared
to the rates they could have earned if
they had invested their contributions in
government bonds instead. In fact, all
future generations are worse off.9

During the early 1980s, the independ-
ent Of½ce of the Actuary at the Social
Security Administration projected that
revenues would fall short of bene½t out-
lays during the early part of the twenty-
½rst century, largely because of the baby
boom generation’s retirement. Although
this generation enlarged the labor force
considerably (in part through the great-
er participation of women in the work-
force) and made signi½cant contribu-
tions over the past several decades, its
members will soon retire, substantially
reducing the number of workers avail-
able to ½nance their Social Security and
Medicare bene½ts through payroll and
other taxes. As Figure 1 shows, today
there are almost ½ve people of working
age–between ages 20 and 64–for each
retiree age 65 and older. By 2030, the
number of people of working age per
retiree will decline to less than three; 
by 2080, the ratio will fall to about two.

Recognizing these future demograph-
ic changes, Congress amended the So-
cial Security Act in 1983 in an attempt to
increase the system’s cash flow over the
next seventy-½ve years. Those amend-
ments approved payroll tax hikes, sub-
jected the Social Security bene½ts of
those with other income sources to in-
come taxation, and scheduled a gradual
increase in the full retirement age from
65 to 67 beginning in 2003. Since 1983,
these changes have generated surpluses
in the Social Security trust fund, which
currently holds $1.7 trillion in Treasury
ious.

Despite these reforms, Social Securi-
ty remains mostly pay-as-you-go in its
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7  Dean R. Liemer, “Cohort-Speci½c Measures
of Lifetime Net Social Security Transfers,”
Social Security Administration, Of½ce of Re-
search and Statistics, Working Paper No. 59,
February 1994.

8  John Geanakoplos, Olivia S. Mitchell, and
Stephen P. Zeldes, “Would a Privatized Social
Security System Really Pay a Higher Rate of
Return?” in Framing the Social Security Debate:
Values, Politics and Economics, ed. R. Douglas
Arnold, Michael J. Graetz, and Alicia H. Mun-
nell (Washington, D.C.: National Academy of
Social Insurance, 1998), 137–157.

9  F. Breyer, “On the Intergenerational Pareto
Ef½ciency of Pay-As-You-Go Financed Pension 

Systems,” Journal of Institutional and Theoreti-
cal Economics 145 (1989): 643–658. Assuming
that the growth rate of the economy is less
than the interest rate, the so-called dynamic
ef½ciency condition, the present value of the
gains and losses across all past, current, and
future generations is exactly zero.



½nancing structure. And though $1.7 tril-
lion sounds like a lot, it is insuf½cient to
pay current retirees their scheduled ben-
e½ts for more than three years. Had the
1983 amendments ‘fully funded’ the So-
cial Security system instead, the trust
fund would hold about $13.7 trillion to-
day. Contributions by past and current
generations would have been enough to
cover their own bene½ts, and future gen-
erations would not have to shoulder any
of the burden.

At the time, many thought that the
1983 amendments had resolved Social
Security’s ½nancial shortfalls for the
subsequent seventy-½ve years. But soon
thereafter projected seventy-½ve-year
imbalances began appearing again.

As shown in Figure 2, payroll tax sur-
pluses will probably continue until 2017
–the so-called crossover date–after
which projected bene½ts will exceed 
revenues. The trust fund will continue

increasing because of interest income
accruals through 2027, after which it is
projected to decline gradually and be
exhausted by 2041. The Social Security
trustees estimate that the present value of
bene½ts, scheduled under current law,
over the next seventy-½ve years will ex-
ceed by $4 trillion the present value of its
payroll tax revenues plus the current val-
ue of the trust fund’s Treasury securities.

In other words, only if the government
immediately deposited an additional $4
trillion into the trust fund, by increasing
taxes or reducing spending, would it be
able to pay current-law bene½ts over the
next seventy-½ve years. An infusion of
money into the trust fund would also
increase public and national saving if it
were not reborrowed and spent on other
government programs–a topic of recent
debate.10 Were the new monies spent
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10  Peter Diamond, “Social Security, the Gov-
ernment Budget and National Savings,” un-
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entirely on other programs, the govern-
ment’s overall capacity to pay future So-
cial Security bene½ts would not improve
even though the value of Treasury secu-
rities in the trust fund would increase.

The ‘moving window’ phenomenon
partially explains why the seventy-½ve-
year imbalances reappeared after 1983. 
In 1983, the projected seventy-½ve-year
window ended in 2057; today it ends in
2079. Simply moving the seventy-½ve-
year window to cover the years 2058
through 2079–when cash-flow short-
falls are projected to accrue–created
most of the recent $4 trillion imbalance.

In other words, because the measures 
of the system’s solvency used in 1983
were based on a limited time horizon,
policymakers back then failed to include
the additional adjustments to taxes and
bene½ts necessary to achieve a sustain-
able Social Security system. Unfortu-
nately, their failure means that we must
make even larger adjustments in the fu-
ture.

The same limited perspective on the
system’s ½nancial condition is again
hampering reform efforts today. Indeed,
the problem of a ‘moving window’ im-
plies that reforms that make the system
solvent over the next seventy-½ve years
will just falter again as the window
moves forward into the future. As
shown in the ½rst panel in Table 1, the
2005 Social Security Trustees Report proj-
ects an additional $7.1 trillion imbalance
in present value (as of 2004) after the
year 2079. 
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published mimeo, mit, March 24, 2003; Sita
Nataraj and John Shoven, “Has the Uni½ed
Budget Undermined the Federal Government
Trust Funds?” mimeo, Stanford University,
2004; and Kent Smetters, “Is the Social Secu-
rity Trust Fund a Store of Value?” American
Economic Review Papers and Proceedings 94 (2)
(May 2004): 176–181.
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Adding the $7.1 trillion imbalance af-
ter the year 2079 to the $4 trillion imbal-
ance projected through 2079 produces a
present-value imbalance of $11.1 trillion,
which is equal to about 3.5 percent of the
present value of all future taxable payroll
revenue.11 Barring any reform this year,
this $11.1 trillion imbalance will only
grow with interest, just like any regular
‘debt rollover.’ Indeed, according to the
trustees, this imbalance will increase by
about $600 billion over just a single year
if we do not take legislative action.12 To
be sure, the economy will also expand
over time and so this $600 billion ½gure

only tells part of the story. Still, even rel-
ative to the present value of all future
payrolls, Social Security’s problems will
grow worse over time. And when added
to Medicare’s shortfalls–about seven
times larger than Social Security’s13–
the imbalance grows by almost 2 percent
of the present value of all future covered
payroll for every ½ve years that we delay
fundamental reforms. In other words,
for every ½ve years that we do not enact
policy reform, we would have to perma-
nently increase taxes by an additional 
2 percent of taxable payrolls, or reduce
outlays by the same amount. The cost 
of delaying Social Security reforms is,
therefore, enormous.

Whereas solvency typically refers to the
government’s ability to pay bene½ts over
the next seventy-½ve years, sustainability
refers to its ability to pay bene½ts into
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Table 1
Unfunded oasdia Obligations [present values as of January 1, 2005; dollar amounts in
trillions]

Unfunded obligations through 2079b $4.0
Unfunded obligations after 2079c 7.1

Equals total unfunded obligations (open-group obligations) 11.1

Unfunded obligations attributable to past and current participants 
(closed-group obligations)d 12.0

Unfunded obligations attributable to future participantse -0.9
Equals total unfunded obligations (open-group obligations) 11.1

a  ‘Old age, survivors, and disability insurance’ is the of½cial name of Social Security.
b  Present value of future costs less future taxes through 2079, reduced by the amount of trust fund assets at
the beginning of 2005.
c  Present value of future costs less future taxes after 2079.
d  This concept is also referred to as the closed-group unfunded obligation. It is equal to the present value of
bene½ts paid to current and past generations less the taxes and the value of the trust fund.
e  People age 14 and below in 2005.

Source: 2005 Social Security Trustees Report, Table iv.b6 and iv.b7.

11  Social Security’s projected shortfalls could
also be represented as a share of the present
value of future projected gdp. But we think
that representation is quite misleading since 
the government taxes only between 50 and 60
percent of gdp (the payroll tax applies to an
even smaller portion) and will likely continue
to do so in the future. An even more mislead-
ing statistic is to state only the seventy-½ve-
year shortfall in present value relative to gdp.

12  Social Security Trustees, 2005 Social Security
Trustees Report, Section iv.b.5.a.

13  Jagadeesh Gokhale and Kent Smetters, 
“Fiscal and Generational Imbalances: An Up-
date,” in James M. Poterba, ed., Tax Policy and
the Economy, vol. 20 (Cambridge, Mass.: mit
Press, forthcoming 2006).



the inde½nite future. A Social Security
reform that achieves solvency over a
limited horizon, but not sustainability,
will soon fail to achieve even solvency as
the window moves forward to include
future years. However, a sustainable re-
form will also be solvent. Under Social
Security’s current projections, achieving
sustainability is harder than achieving
solvency: an additional $7.1 trillion in
tax and bene½t adjustments is necessary
to address the shortfalls accruing after
2079.

The government routinely uses an ad-
hoc measure of sustainability that asks
whether the system satis½es two condi-
tions.14 First, is the Social Security sys-
tem solvent? That is, can Social Security
afford to pay current-law bene½ts over
the next seventy-½ve years with current-
law tax revenues over the next seventy-
½ve years plus the current trust fund val-
ue? Second, is the trust fund projected
to be increasing in size toward the end 
of the seventy-½ve-year window? Social
Security is deemed ‘sustainable’ if both
conditions are met.

This ad-hoc measure of sustainability
assumes that the trust fund will continue
to increase in size after the seventy-½fth
year. This assumption is often invalid.
For example, the recent reform plan 
by Peter Diamond and Peter Orszag15

appears sustainable under this ad-hoc
approach. However, under this plan, we
must continue to raise payroll tax rates
after the seventy-½fth year in order to
pay present-law projected bene½ts and
prevent the trust fund from disappear-
ing. Without raising taxes, we would
eventually exhaust the trust fund.16

Conversely, a reform might not ap-
pear sustainable under the ad-hoc meas-
ure even though it fully eliminates the
current $11.1 trillion present-value im-
balance. For example, Model 2 of the
President’s Commission to Strengthen
Social Security17 is not projected to
achieve solvency over the ½rst seventy-
½ve years–the ½rst condition for sus-
tainability under the ad-hoc measure–
without general revenue transfers from
the U.S. Treasury. However, if we main-
tained its reform measures beyond the
seventy-½fth year, Model 2 would more
than eliminate the existing $11.1 trillion
imbalance even without general revenue
transfers. That is, Model 2’s cost savings
after the seventy-½fth year would more
than offset, in present value, the short-
falls projected during the ½rst seventy-
½ve years.

The traditional ad-hoc measure of sus-
tainability, therefore, has serious short-
comings.18 But the most important
weakness of this and other traditional
measures of Social Security’s ½nances is
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14  See, for example, President’s Commission
to Strengthen Social Security, Strengthening
Social Security and Creating Personal Wealth for 
All Americans (Washington, D.C.: President’s
Commission to Strengthen Social Security,
2001), 68–71; Council of Economic Advisors,
2004 Economic Report of the President (Wash-
ington, D.C.: Council of Economic Advisors,
2004), 139; Social Security Trustees, 2004 
Social Security Trustees Report (Washington,
D.C.: Social Security Trustees, 2004), Section
iv.b.5.a.

15  Peter Diamond and Peter Orszag, Saving
Social Security: A Balanced Approach (Washing-
ton, D.C.: Brookings Institution Press, 2004).

16  Ibid. Diamond and Orszag, however, ad-
vocate continuing to increase payroll tax rates
after the seventy-½fth year.

17  President’s Commission to Strengthen
Social Security, Strengthening Social Security,
68–71.

18  Additional criticisms can be found in How-
ell Jackson, “Accounting for Social Security and
Its Reform,” Harvard Journal on Legislation 41 (1)
(Winter 2004): 59–225.



that they introduce a bias in policymak-
ing. In particular, reforms that could re-
duce Social Security’s $11.1 trillion im-
balance–and improve Social Security’s
sustainability–often worsen each of the
more traditional measures, including the
trust fund exhaustion date, the crossover
date, and the seventy-½ve-year imbal-
ance.

Consider the ‘actuarially fair carve
out.’ This reform is very similar to the
plan President Bush is now advocating,
which allows participants to ‘carve out’
some of their payroll taxes and deposit
them into a personal account that would
later augment their traditional bene½t,
much like 401(k)s and iras.19 Since
these participants would be contribut-
ing less to the traditional system, their
traditional bene½t would also be reduced
by an ‘actuarially fair’ amount equal to
one dollar in present value for each dol-
lar carved out.

This reform would have no impact 
on the $11.1 trillion imbalance. Each 
dollar that the government loses in pay-
roll contributions would be fully offset
by a dollar that the government saves 
in present value of future bene½t pay-
ments. Furthermore, unless capital mar-
kets responded in an uninformed man-
ner (discussed in more detail later), this
reform would not affect wages, interest
rates, or gross domestic product (gdp)
in any year. Neither would this reform
change the net lifetime resources avail-
able to any household born at any time.
In economic terms, this reform would 
be fully neutral.

Still, under this reform, all three meas-
ures traditionally used to judge Social
Security’s viability–the trust fund ex-
haustion date, the crossover date when
costs exceed income, and the seventy-
½ve-year imbalance–would worsen. 
We would exhaust the trust fund earlier
because of the short-run decline in pay-
roll contributions; similarly, the cross-
over date would occur sooner. The sev-
enty-½ve-year imbalance would also ap-
pear larger because much of the lost tax
revenue would show up inside the seven-
ty-½ve-year window while a larger por-
tion of the future reduction in bene½ts
would fall beyond the seventy-½ve-year
window.

Now let’s modify the example to con-
sider a ‘carve out with a haircut.’ Under
this approach, we would reduce a partic-
ipant’s traditional Social Security bene-
½t by more than a dollar, say $1.10, for
every dollar carved out and deposited
into a personal account. A worker might
be willing to take this ‘haircut’ on future
bene½ts in order to obtain greater own-
ership and control over his or her retire-
ment resources.

In this case, we would reduce the $11.1
trillion imbalance since the government
saves more on bene½t payments in pres-
ent value than it loses in contributions.
Still, if policymakers focused only on the
traditional measures of Social Security’s
½nances to judge this reform plan,20

they might reject it even though it would
improve Social Security’s ½nancial out-
look. The improvement in Social Securi-
ty’s ½nancial outlook–as reflected by its
reduced present value of unfunded obli-
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19  Technically, President Bush’s plan is not
quite actuarially fair because his bene½t-offset
rate does not adjust for preretirement mortal-
ity; it is also tied to expected Treasury yields
instead of actual yields. The ½rst issue is of sec-
ond-order importance as preretirement mortal-
ity will be low in the future. The second issue is
easily correctable.

20  Technically, whether the seventy-½ve-year
imbalance would get better or worse would de-
pend on the timing of the haircut. In any case,
the seventy-½ve-year imbalance measure would
fail to capture many of the bene½t reductions
after the seventy-½fth year.



gations–should exert salutary effects 
on the economy immediately. In particu-
lar, private agents’ economic decisions
would no longer be distorted by the ex-
pectation of higher future costs of re-
solving Social Security’s ½nancial prob-
lems.

Thus, the traditional measures are 
not very revealing of the program’s true
½nancial status, and worse, they are bi-
ased against reforms that could reduce
Social Security’s $11.1 trillion imbalance.
Unfortunately, these measures often in-
fluence the design of reform plans. For
example, in Model 2 of the President’s
2001 Commission to Strengthen Social
Security, participants are allowed to
carve out 4 percent of payroll, up to a
maximum of $1,000 per year (wage in-
dexed over time).21 The Commission
imposed the $1,000 ceiling to prevent
the Social Security system from ‘losing’
too much money over the projected sev-
enty-½ve-year horizon. Restricted to that
horizon, the Commission did not take
into account the large cost savings that
would begin accruing after the seventy-
½fth year. If participants were allowed to
make even higher contributions to their
personal accounts, Model 2 would more
easily eliminate the entire $11.1 trillion
imbalance.

Beginning with the 2003 Social Security
Trustees Report and the 2004 Medicare Re-
port, two new measures have emerged
that provide greater insight into the ½-
nancial status of both programs. The
Social Security Advisory Board’s Tech-
nical Panel on Assumptions and Meth-
ods, which is composed of leading econ-
omists and actuaries outside of the So-
cial Security Administration, have also

recently endorsed these new meas-
ures.22 Indeed, these measures corre-
spond to the way that economists have
thought about Social Security’s ½nances
for many years.23

The ½rst measure is sometimes called
the ‘open-group unfunded obligation.’ 
It is the sum of bene½ts that all past, 
present, and future generations, or ‘groups,’
have received (and are projected to re-
ceive) in present value less the amount
of taxes they have paid (and are project-
ed to pay). We can also calculate it as the
present value of all projected Social Se-
curity bene½ts minus the present value
of all projected payroll taxes and the cur-
rent value of the trust fund.

The open-group unfunded obligation
reveals the extent to which the current
Social Security program is unsustain-
able. That is, it shows Social Security’s
½nancial imbalance arising from all gen-
erations. Table 1 shows that based on
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21  Wage indexing the $1,000 contribution lim-
it means that the limit increases with annual
growth in average, economy-wide wages.

22  See “The 2003 Technical Panel on Assump-
tions and Methods Report” <http://www.ssab.
gov/new/documents/2003TechnicalPanelRept.
pdf>.

23  See, for example, Alan Auerbach, “The 
U.S. Fiscal Problem: Where We Are, How We
Got Here, and Where We Are Going,” Nation-
al Bureau of Economic Research Macroeconomics
Annual, ed. Stanley Fischer and Julio Rotem-
berg (Cambridge, Mass.: National Bureau of
Economic Research, 1994); Jagadeesh Gokhale
and Kent Smetters, Fiscal and Generational Im-
balances: New Budget Measures for New Budget
Priorities (Washington, D.C.: American Enter-
prise Institute Press, 2003); Alan Auerbach,
William Gale, and Peter Orszag, “Sources of
the Long-Term Fiscal Gap,” Tax Notes 103
(2004): 1049–1059; Edward Gramlich, “Rules
for Assessing Social Security Reform,” Remarks
to the Retirement Research Consortium Annual
Conference, August 12, 2004; Andrew Retten-
maier and Thomas Saving, “The 2004 Medicare
and Social Security Trustees Reports,” National
Center for Policy Analysis, Policy Report No.
266, June 2004.



calculations provided by the independ-
ent Of½ce of the Actuary at the Social
Security Administration, the trustees
estimate the open-group obligations at
$11.1 trillion in present value. In other
words, in order to make Social Security
sustainable, we must reduce scheduled
bene½ts and/or increase taxes so that the
sum of cost savings and new revenues
total $11.1 trillion in present value.

The second measure is sometimes
called the ‘closed-group unfunded ob-
ligation.’ It shows the amount of Social
Security’s $11.1 trillion imbalance arising
from providing bene½ts to past and pres-
ent generations (those age 15 and older
up to those who are deceased as of 2005)
in excess of their payroll taxes in present
value. Unlike the open-group obligation,
this calculation is ‘closed’ to, or does not
include, future generations.

Based on calculations provided again
by the Of½ce of the Actuary, the trust-
ees estimate that past and current gen-
erations will receive about $12 trillion
more in bene½ts in present value than
they will pay in taxes (see Table 1). In
contrast, future generations (those age
14 and younger in 2005 as well as the un-
born) are projected to receive $0.9 tril-
lion less in bene½ts than they will pay in
taxes (see Table 1). The ‘overpayment’
by future generations, though, is still not
enough to pay for the ‘overhang’ of $12
trillion they are projected to inherit from
past and current generations under cur-
rent law. Either future generations will
have to pay an additional $11.1 trillion 
in present value or generations alive to-
day will have to make this sacri½ce, or a
combination of both.

The open-group and closed-group
measures are robust to the criticisms
that apply to traditional measures of
Social Security’s ½nances. For example,
both measures correctly identify the 
economic as well as intergenerational

neutralities of the ‘actuarially fair carve
out’ discussed earlier. In the case of a
‘carve out with a haircut,’ the open-
group and closed-group measures both
improve (they are both smaller), corre-
sponding to a move toward sustainabil-
ity and smaller burdens on future gen-
erations. In contrast, the traditional
measures such as the trust fund exhaus-
tion date and crossover date incorrectly
show a deterioration of Social Security’s
½nances in both instances.

Although the usefulness of the closed-
group measure in determining sustain-
ability is not as widely understood as the
open-group measure’s, the closed-group
measure is vital to comprehending So-
cial Security’s impact on the economy.

Some believe that the closed-group
measure is mostly meaningful in the
context of a ‘fully funded’ system.24

Under such a system, each generation
would pay for its own bene½ts, and so
the closed-group obligation would be
zero.

But the closed-group measure is a very
important statistic even in a pay-as-you-
go system for two key reasons. First, it
indicates the extent to which any reform
will reshuffle ½scal burdens across gen-
erations. For example, suppose Social
Security bene½ts were increased and this
increase were ½nanced on a strict pay-
as-you-go basis by raising payroll taxes.
This policy change would not have any
impact on the open-group measure or
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24  Stephen Goss, “Measuring Solvency in the
Social Security System,” in Olivia S. Mitchell 
et al., eds., Prospects for Social Security Reform
(Philadelphia: University of Pennsylvania
Press, 1999), 16–36. An equally plausible sto-
ry is that policymakers allowed Social Securi-
ty to become mostly pay-as-you-go over time
because the burdens being placed on future
generations were not easily observable under
traditional measures.



the traditional measures. But the closed-
group measure would grow larger be-
cause this reform would transfer wealth
from future generations to current gen-
erations. Current generations would
gain from this policy change since they
would receive more in bene½ts in pres-
ent value than they paid in taxes; indeed,
current retirees would receive additional
bene½ts for free. But future generations
would pay for this windfall by receiving
a bene½t less valuable than the addition-
al taxes they paid in present value. The
closed-group measure, which shows the
net gain to past and current generations,
would become larger, thereby clearly in-
dicating the extent of this intergenera-
tional transfer.

Second, the closed-group measure re-
veals how much pay-as-you-go ½nanc-
ing may ‘crowd out’ private saving and,
hence, increase interest rates, lower
wages, and reduce the nation’s gdp.25

Consider again a pay-as-you-go ½nanced
increase in bene½ts. Because this reform
transfers resources from future to cur-
rent generations, it reduces the amount
of money today’s generations must save
for their own retirement. This reform,
therefore, could permanently reduce the
economy’s level of capital.26

The Congressional Budget Of½ce esti-
mates that every dollar transferred from
future to current generations reduces
private savings by zero to ½fty cents.27

Although the wide range of this estimate
suggests considerable uncertainty, it fol-
lows that Social Security may have re-
duced the U.S. capital stock by as much
as $6 trillion and reduced gdp by as
much as $1.1 trillion.28 Nonetheless, the
traditional measures as well as the open-
group measure do not indicate these
large macroeconomic effects. Presum-
ably, any discussion of Social Security
reform would want to take into account
the impact of a reform on the economy.
Although Social Security has had many
successes, its potentially large deleteri-
ous effect on capital stock and national
output deserves more attention in the
debate over Social Security reform.

Because the open-group measure ex-
tends the traditional seventy-½ve-year
imbalance measure beyond the seventy-
½fth year, one might at ½rst be tempted
to argue that the open-group measure
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25  Martin Feldstein, “Social Security, Induced
Retirement, and Aggregate Capital Accumula-
tion,” Journal of Political Economy 82 (5) (Sep-
tember/October 1974): 905–926. Feldstein is
the ½rst to analyze the empirical issue of Social
Security ½nancing’s impact on private saving.

26  The Ricardian equivalence hypothesis, how-
ever, argues that parents might leave a larger
bequest in response to a transfer from their
children, thereby leaving national saving un-
changed. Robert J. Barro, “Are Government
Bonds Net Wealth?” Journal of Political Eco-
nomy 82 (6): 1095–1117. Altonji et al.’s empir-
ical tests, however, reject this hypothesis. Jo-
seph G. Altonji, Fumio Hayashi, and Laurence 
J. Kotlikoff, “Is the Extended Family Altruisti-
cally Linked? Direct Tests Using Micro Data,” 

American Economic Review 82 (5) (1992): 1177–
1198. Consistently, Gokhale et al. trace a large
share of the secular decline in U.S. national
saving during the last several decades to the
½scal transfers from workers to retirees. Jaga-
deesh Gokhale, Laurence J. Kotlikoff, and John
Sabelhaus, Understanding the Postwar Decline in
U.S. Saving: A Cohort Analysis, Brooking Papers
on Economic Activity, Winter 1996.

27  Congressional Budget Of½ce, “Social Secu-
rity and Private Saving: A Review of the Liter-
ature,” Congressional Budget Of½ce Paper, July
1998.

28  The calculated reduction in gdp assumes
Cobb-Douglas production with inelastic labor
supply, a net-of-depreciation capital share of
0.25, and a current capital-output ratio of 3. 
The calculation also assumes that the private-
saving offset is constant at ½fty cents for each
dollar of closed-group obligation.



places too much emphasis on Social
Security’s long-run ½nances. In other
words, one could imagine a hypotheti-
cal ‘reform’ that does nothing to ½x So-
cial Security’s ½nances during the ½rst
seventy-½ve years but enacts large re-
forms after the seventy-½fth year in or-
der to eliminate Social Security’s $11.1
trillion imbalance.

This potential criticism, however, is
misplaced since it forgets that the $11.1
trillion open-group obligation is in
terms of present value. Besides adjusting
for inflation, the present-value calcula-
tion adjusts for the real interest costs
that we save from paying obligations
sooner rather than later. For example,
increasing payroll taxes by one dollar
today would reduce the open-group ob-
ligation by, of course, one dollar. But if
we postponed this one-dollar tax in-
crease (still measured in 2004 inflation-
adjusted dollars) in one hundred years
we would reduce the $11.1 trillion open-
group obligation by only 4.7 cents in to-
day’s dollars.29 Delaying the one-dollar
tax increase 150 years would reduce the
unfunded obligations by only one cent.
Attempting to postpone reforms would
just mean enacting unrealistically large
reforms later on.

The closed-group obligation measure
reflects the amount of projected over-
spending on past and current genera-
tions. Thus, a policy that lets current
generations ‘off the hook’ produces a
larger closed-group obligation than a
reform that requires current generations
to bear more of the costs.

Rather than drawing ‘too much’ at-
tention to the long run, the open-group
and closed-group obligation measures

remove the biases, embedded in the tra-
ditional measures, against reforms that
could improve Social Security’s long-run
½nancial outlook. These newer measures
focus attention on the true magnitude of
the reforms needed to place Social Secu-
rity on a sustainable path and, hence, re-
veal the urgent need for action. Social
Security’s $11.1 trillion open-group un-
funded obligation is almost three times as
large as the amount the seventy-½ve-year
imbalance measure indicates, despite the
fact that the present-value calculation
considerably reduces the weight placed
on shortfalls that accrue after the seven-
ty-½fth year.

Robert Myers, who was chief actuary
of the Social Security Administration
from 1947 to 1979, points out that before
1965 Social Security actuaries routinely
relied on measures looking beyond sev-
enty-½ve years. In 1965, however, Social
Security’s actuaries and policymakers
began focusing on seventy-½ve-year
shortfalls because then, unlike today, ex-
tending the ½nancial projections beyond
seventy-½ve years made very little differ-
ence to the program’s ½nancial outlook.
However, Mr. Myers always thought 
that truncating measures at seventy-½ve
years was never right in theory because
of the moving-window problem: “I’m
still an ‘in½nity’ guy, because even if you
have a seventy-½ve-year period, every
year you do a new valuation you have
some slippage.”30 This slippage is espe-
cially acute today, with over two-thirds
of the $11.1 trillion shortfall lying outside
of the seventy-½ve-year window.

Critics also charge that present-value
estimates beyond seventy-½ve years are
sensitive to underlying demographic and
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29  This calculation uses an inflation-adjusted
interest rate of 3.1 percent, the rate the trustees
use to calculate the $11.1 trillion unfunded obli-
gations.

30  Robert Myers, “Oral History Overview,”
1995, <www.ssa.gov/history/myersorl.html>
(accessed September 28, 2005).



economic assumptions.31 Of course, un-
certainty should only enhance the de-
sire to seek remedies rather than to ig-
nore the expected problem.32

Furthermore, different interest rate
and productivity assumptions and dif-
ferent demographic projections do 
not greatly affect the size of the policy
changes–either tax increases or bene-
½t cuts–needed to reduce Social Secu-
rity’s imbalance.33 Although changes 
in these underlying assumptions will
alter the present value of the imbalance,
the present value of Social Security’s 
tax base and future bene½ts also move
almost proportionally and in the same
direction. As a result, the increases in 
tax rates or cuts in bene½t rates required
to eliminate Social Security’s current ½s-
cal imbalance exhibit much smaller sen-
sitivity to parametric changes in eco-
nomic and demographic assumptions.

President Bush’s plan for personal ac-
counts would create additional govern-
ment debt while simultaneously reduc-
ing Social Security’s unfunded future
outlays. Government debt would in-
crease as households could divert some
of their payroll taxes to their personal
accounts, thereby reducing government
revenue. Future Social Security outlays
would also decline however, under the
President’s actuarially fair carve out be-
cause the government could reduce ben-
e½t payments by one dollar in present

value for each dollar placed into a per-
sonal account.

From an economic perspective, one
dollar of government debt is not very
different than one dollar of federal un-
funded obligations. Both represent a
dollar the government owes. Hence, real
interest rates should not rise in response
to the President’s plan because investors
should be indifferent between the two
under reasonable circumstances.34

Legally, however, debt held by the pub-
lic is a legal liability that the government
must honor unless it declares bankrupt-
cy.35 Social Security and Medicare ben-
e½ts, on the other hand, are only obliga-
tions of the government, which an act 
of Congress can alter. In practice, there-
fore, capital market participants may be
discounting future Social Security ben-
e½ts at a higher rate than the yield on
Treasury securities because the capital
market participants think that the gov-
ernment might pay only a portion of its
present-law Social Security obligations
in the future. Replacing a dollar in pres-
ent value of future Social Security ben-
e½ts with a dollar of explicit debt, there-
fore, could negatively affect how inves-
tors perceive the outlook of the federal
government’s ½nances.

However, the government is not nec-
essarily more likely to pay explicit debt
liabilities in real terms than Social Se-
curity obligations. Indeed, the opposite
is also conceivable: most explicit debt 
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31  See, for example, Congressional Budget
Of½ce, “Measures of the U.S. Government’s
Fiscal Position Under Current Law,” Congres-
sional Budget Of½ce Paper, August 2004.

32  This fact holds under any standard prefer-
ence toward risk that shows a prudence motive.

33  Gokhale and Smetters, Fiscal and Generation-
al Imbalances.

34  Technically speaking, the new government
debt must have the same stochastic properties
as Social Security bene½ts, including sensitivity
to inflation and changes in the average wage in
the economy.

35  Of course, in practice, the government can
use inflation to reduce the real value of nomi-
nally denominated debt. The government
would have to declare bankruptcy, however, 
to avoid paying off inflation-protected instru-
ments.



is not protected against inflation. So
faster inflation compounded over time
could easily erode the value of the gov-
ernment’s payments to bondholders. 
In contrast, the Social Security bene½ts
of retirees and others, once determined,
are fully protected against inflation, and
will likely remain so well into the future.
Moreover, even if policymakers believed
that market participants discount future
Social Security bene½ts by, say, 10 per-
cent above the government’s discount
rate then policymakers could offer a
‘carve out with a 10 percent haircut’ 
to avoid disrupting capital markets.

The Social Security program provides
an important source of income for most
of the nation’s retirees, but the pro-
gram’s long-term viability is in serious
doubt unless a fundamental reform is
undertaken–either by increasing taxes
or by reducing the growth rate of ben-
e½ts. Unfortunately, the traditional ac-
counting measures used by policymakers
and the media convey very little about
the true magnitude of the ½nancial prob-
lem facing Social Security. Those meas-
ures are also biased against reforms that
could reduce Social Security’s imbal-
ance.

Fortunately, the Social Security trust-
ees have begun to include new measures
of Social Security’s ½nancial outlook, be-
ginning with their 2003 report and con-
tinuing with the 2004 and 2005 reports–
measures that fully convey the dimen-
sions of Social Security’s ½nancial hole.
The independent panel of experts ap-
pointed by the Social Security Advisory
Board has endorsed these measures but,
unfortunately, policymakers and the
media are not paying suf½cient attention
to these new measures. We argue that
these measures deserve much more care-
ful consideration.

104 Dædalus  Winter 2006

Jagadeesh
Gokhale 
& Kent
Smetters 
on
aging


	Cover

	The century ahead

	Longer life spans:
boon or burden?

	The aging mind: deciphering
Alzheimer’s disease & its antecedents

	Measuring Social Security’s financial
 outlook within an aging society 

