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Biomedicine has made enormous progress in the last half century in treating common dis-
eases. However, we are becoming victims of our own success. Causes of death strongly
associated with biological aging, such as heart disease, cancer, Alzheimer’s disease, and
stroke-cluster within individuals as they grow older. These conditions increase frailty and
limit the benefits of continued, disease-specific improvements. Here, we show that a
“delayed-aging” scenario, modeled on the biological benefits observed in the most promising
animal models, could solve this problem of competing risks. The economic value of delayed
aging is estimated to be $7.1 trillion over 50 years. Total government costs, including Social
Security, rise substantially with delayed aging—mainly caused by longevity increases—but
we show that these can be offset by modest policy changes. Expanded biomedical research to
delay aging appears to be a highly efficient way to forestall disease and extend healthy life.

“Moonshot” was the word Google founder
and chief executive officer Larry Page

used to describe Calico—a biotech startup fo-
cused on the challenge of aging and age-associ-
ated pathology. In fact, the chances of success
may be much greater.

Through rapid advances in biological re-
search and medical innovation, the biomedical
industry has made enormous strides in im-
proving the health and lengthening the lives of
Americans as a whole. Life expectancy at birth
has risen from age 70 in 1960 to �79 in 2015.
The innovations in health care over the course
of the century have led to a rapid drop in infant
mortality. Fewer are dying from heart disease.
Cancer survival rates are increasing. On the
horizon, we see advances in medicine, genetics,
and biomedical technology that may take us to

new heights in slowing aging, preventing inher-
ited diseases, and solving the health riddles that
currently stump us.

These advances will leave the nation with an
older society as more people live into their 80s,
90s, and even the 100s, and as the baby boomers
enter old age. The potential costs of an aging
society are well known, including rising health
care costs at a time of shrinking government
budgets. The solvency of Medicare is a perennial
issue. Yet, thanks to health care and other
advances, the health of the elderly population
has also improved. In but one example, the
nursing home population has declined along
with disability rates. In 1985, 5.4% of the elderly
were in nursing homes. By 1995, the share was
down to 4.6%, on an age-adjusted basis (Cutler
2001).
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If advances in science and health care con-
tinue, people may continue to reach older ages
as healthier and more active individuals (Low-
sky et al. 2013). As a result, they may work
longer and use fewer health care resources, while
continuing to give back to society in numerous
ways.

THE ROLE OF TECHNOLOGY

The specter of an aging society regularly ignites
debate in health policy circles on costs versus
benefits. Is it right, some wonder, that older
adults in their last years of life consume 24%
of Medicare’s expenditures? Or is it cost-effec-
tive to pay for a cancer treatment drug that
will prolong an inevitable death for only a few
months? In Britain, for example, the National
Institute for Health and Clinical Excellence
determines what therapies the National Health
Service will cover. It generally recommends
against paying for a therapy that costs more
than $31,000 to $47,000 for each year of life
gained, adjusted for quality.

Yet medical advances, although costly, are
proving worth it in many instances, according
to a vast body of research on cost effectiveness
of medical care. There is good evidence that the
benefits of health improvements dominate any
additional costs for most new technologies. For
example, life expectancy increased �7 yr from
1960 to 2000 in most developed nations. Dur-
ing that span, the increases in medical spending
have provided reasonable value, with the excep-
tion of spending increases in medical care for
the elderly since 1980.

Even in some of the most difficult diseases,
we have made good progress (Goldman et al.
2005; Shekelle et al. 2005). Cancer is a salient
example, as the policy debates about cancercosts
are frequently most pronounced (Experts in
Chronic Myeloid Leukemia 2013). Many say
we are losing the war on cancer that Richard
Nixon first declared in 1971. After all, cancer is
the second leading cause of death, and accounts
for approximately one-fourth of all deaths in
a year. However, the reality is much more posi-
tive. Today, cancer patients live longer, healthier,
and happier lives than those in prior decades.

Survival rates for all cancers increased by almost
4 years from 1988 to 2000, creating 23 million
additional life-years and generating $1.9 trillion
in additional value to society, once the health
gains are tallied (Lakdawalla et al. 2010; Sun
et al. 2010; Goldman and Philipson 2014; Ste-
vens et al. 2015). Survival rates have continued
to improve in recent years. Compared with re-
search and development spending—both pri-
vate and public—one can easily see a substantial
return on investment. Furthermore, progress
is being made in dealing with the extreme tox-
icity of chemotherapy and radiation regimens
(Hsu et al. 2013). So, although cancer still re-
mains a pernicious disease, there is hope that it
can eventually be managed as a chronic illness
with modest side effects.

THE CHALLENGES OF THE SINGLE-DISEASE
MODEL

In some ways though, we are becoming victims
of our own success. Increased disability rates
are now accompanying increases in life expec-
tancy, leaving the length of a healthy life span
unchanged (Bhattacharya et al. 2004; Lakda-
walla et al. 2004, 2010; Crimmins and Beltran-
Sanchez 2011) or even shorter than in the past
(Hulsegge et al. 2014). As people age, they are
now much less likely to fall victim to a single
isolated disease than was previously the case.
Instead, competing causes of death more direct-
ly associated with biological aging (e.g., heart
disease, cancer, stroke, Alzheimer’s, etc.) cluster
within individuals asthey reach olderages. These
conditions elevate mortality risk, as well as create
the frailty and disabilities that can accompany
old age.

Fortunately, new research is emerging that
has the potential to extend life while reducing
the prevalence of comorbidities over the entire
lifetime (Kirkland 2013; Tchkonia et al. 2013).
Scientists have been asking whether we can de-
celerate the process by which the cluster of con-
ditions described above arises, making people
healthier at older ages and even lowering spend-
ing on health care (Fries 1980; Fries et al. 1993;
Miller 2002; Martin et al. 2007; Butler et al.
2008; Sierra et al. 2009; Tchkonia et al. 2013).
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Simply put, can we age more slowly—thereby
delaying the onset and progression of all fatal
and disabling diseases simultaneously?

At the practical level, delayed aging means
having the body and mind of someone who is
years younger than the majority of today’s pop-
ulation at one’s chronological age and spending
a larger proportion of one’s life in good health
and free from frailty and disability (Fries 1980;
Vergara et al. 2004; Butler et al. 2008). Experi-
mental studies involving animal models have
already succeeded in accomplishing this in the
laboratory (Miller 2002), and this collection is
filled with the latest research developments in
aging science, suggesting that a therapeutic in-
tervention to delay aging is on the horizon. In
addition, there is evidence that centenarians
(whose longevity is at least partially heritable)
often have delayed onset of age-related diseases
and disabilities, which suggests that they senesce
(grow old biologically) more slowly than the
rest of the population (Lipton et al. 2010).

By manipulating genes, altering repro-
duction, reducing caloric intake, modulating
the levels of hormones that affect growth
and maturation, and altering insulin-signaling
pathways, it has been possible to extend the life
span—and the healthy life span—of inverte-
brates and mammals (Tatar et al. 2003; Sebas-
tiani and Perls 2012; Kirkland 2013). These spe-
cific manipulations are unlikely to be directly
applicable in humans, but they may lead scien-
tists in the right direction.

In addition, clinical interventions to delay
aging have been proposed that involve inter-
fering with chronic inflammation. In mice,
the selective removal of senescent cells has been
documented to lead to significant improve-
ments in health, an intervention that many re-
searchers believe could be clinically effective in
people (Tchkonia et al. 2013). Some scientists
contend that such interventions are sufficiently
close to fruition that people alive today will
benefit from them (Miller 2002; Martin et al.
2007; Butler et al. 2008; Sierra et al. 2009; Kirk-
land 2013; Tchkonia et al. 2013). Should we
continue on this path of discovery?

In deciding whether and how much society
should continue to invest in delayed aging, two

specific questions arise. First, what are the social
returns—in terms of health and spending—
on continued investments in a “disease model”
versus the returns on investments in delayed
aging? Second, can society afford to invest in
the accelerated development of interventions
that extend healthy life, given fiscal uncertain-
ties? In this article, we compare the future health
and economic benefits—as well as the costs—
of continuing to prioritize the “disease model”
with the benefits and costs of placing a new
emphasis on delayed aging.

ECONOMIC SCENARIOS
OF DELAYED AGING

We examined the economic benefits and costs of
delayed aging, with a focus on the fiscal impact,
in an article published in Health Affairs (Gold-
man et al. 2013). In what follows, we summarize
these results. We specifically looked at the costs
of major entitlement programs, specifically,
Federal and State spending for Medicare and
Medicaid, and Federal income support through
old age, survivors, and disability insurance and
supplemental security income. Economic out-
puts were aggregated into fiscally relevant vari-
ables using benefit rules for particular programs.
Annual costs are given in constant 2010 dollars.
All cumulative costs are discounted using a 3%
annual discount rate (Gold et al. 1996).

We developed four scenarios (one represent-
ing the status quo or baseline) and compared
the health and medical spending they would
involve. For each scenario, we conducted the
simulation 50 times and averaged the outcomes.
We assumed that all changes were accomplished
at no additional cost relative to baseline, to
allow us to focus on population benefits. Each
scenario assumed that changes in mortality and
disease processes occurred in the period 2010–
2030. The scenarios also assumed that progress
ceased after 2030, but that the effects of earlier
changes continued to play out.

Two disease-specific scenarios were meant
to represent optimistic developments in medi-
cal research, disease treatment, and improve-
ments in behavioral risk factors. In other words,
these scenarios assumed that by attacking dis-
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eases individually through treatments or sys-
temically through behavior modification, the
incidence of disease, and the impact of cases
of disease would be reduced.

The fourth scenario (assuming delayed ag-
ing) is a hypothetical assessment of a successful
effort to translate research on the biology of
aging into therapeutic interventions that would
reduce and compress both morbidity and mor-
tality into a shorter period of time at the end
of life (Olshansky et al. 2009). Unlike the de-
layed disease interventions in the two disease-
specific scenarios—which face diminishing re-
turns because of competing causes of sickness
and death in aging populations—the delayed
aging scenario assumed that all fatal and dis-
abling diseases were influenced simultaneously.
Thus, this scenario represents what might best
be thought of as a superefficient method of at-
tacking the fatal and disabling diseases that are
most prevalent at older ages—a form of primary
prevention that would simultaneously influ-
ence all fatal and disabling diseases at once.

Status Quo

In the status quo (or baseline) scenario, we used
the mortality forecasts for all-cause mortality
in the intermediate projections of the Social
Security Administration (The Board of Trustees
of Federal Old-Age and Survivors Insurance and
Federal Disability Insurance Trust Funds, see
www.socialsecurity.gov/oact/TR/2011/tr2011
.pdf ). We did not change the incidence of dis-
ease. Heuristically, in this scenario, mortality
improvements can be seen as the result of im-
proved treatments for people with disease.

Delayed Cancer

In the first disease-specific scenario, we modi-
fied the status quo scenario by reducing the in-
cidence of cancer over time. From 2010 to 2030,
we phased in a linear 25% reduction in cancer
incidence. We assumed that this change was
accomplished at no additional Medicare cost
relative to the baseline. Historical evidence sug-
gests that there was a reduction of 1.3% in over-
all cancer incidence rates for men per year from

2000 to 2006 and a reduction of 0.5% for wom-
en per year from 1998 to 2006 (Jemal et al.
2010). Averaged over 20 years, these trends yield
a range of reductions in cancer incidence of
10% to 26%. Thus, our assumptions in this
scenario were within the bounds of the observed
trends. We assumed that the reduced incidence
rate continued until the end of the simulation.
To account for improvements in health before
age 51, the prevalence of chronic conditions in
the incoming cohorts of 51-yr-olds was adjust-
ed to match the prevalence for 44-yr-olds in the
target year, as measured in the National Health
Interview Survey.

Delayed Heart Disease

We modified the status quo scenario by reduc-
ing the incidence of heart disease over time. As
was the case with cancer, we assumed a linear
reduction in the incidence of 25% between 2010
and 2030, and no change thereafter (Kubo et al.
2003). And, again as in the delayed cancer sce-
nario, we assumed that there was no additional
Medicare cost, and we adjusted the prevalence
of chronic conditions in the incoming cohorts.

Delayed Aging

We assumed that improvements in mortality
and health started earlier in life than they did
in the disease-specific scenarios. We assumed
that the slope of the intrinsic mortality curve—
that is, mortality from factors such as age, as
opposed to exposure to external risks such as
trauma or smoking—observed in 2000 for
both men and women ages 15 to 50 would de-
cline by 20% by 2050. These hypothesized
changes are consistent with research on the bi-
ology of aging, which suggests that the health
benefits of delayed aging would begin at puber-
ty—the time when mortality begins rising ex-
ponentially (de Magalhaes et al. 2005; Edlin and
Stiglitz 2012).

Delayed Aging with an Eligibility Fix

We modeled a variant of the delayed aging sce-
nario that included an adjustment to the eligi-

D. Goldman

4 Cite this article as Cold Spring Harb Perspect Med 2016;6:a025072

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg

http://www.socialsecurity.gov/oact/TR/2011/tr2011.pdf
http://www.socialsecurity.gov/oact/TR/2011/tr2011.pdf
http://www.socialsecurity.gov/oact/TR/2011/tr2011.pdf
http://www.socialsecurity.gov/oact/TR/2011/tr2011.pdf


bility age for Medicare and the normal retire-
ment age for Social Security. Social Security
provides a strong precedent for such a policy
fix. The statutory full retirement age was raised
in 1983 from 65 to 66, and the age will increase
to 67 for people born in 1960 and later. Our
“eligibility fix” consisted of a gradual increase
in the eligibility age for Medicare from 35 to 38,
and for Social Security from 67 to 68 (extending
the Social Security amendments of 1983, which
mandated gradual increases in the retirement
over a 22-yr period starting in 2000, for �10
yr). In this scenario, people enrolled in Medi-
care Part A as soon as they were eligible to do so.
The delayed aging scenario with the eligibility
fix—because of the later official statutory retire-
ment age—would result in more taxes collected
during working years than in the original
delayed aging scenario without an eligibility
change, and less lifetime benefits paid because
of the later start of retirement.

The impact of the changing rates of transi-
tion of disease and functional status can be
seen in the change in average life-cycle charac-
teristics. Life expectancy at age 51 in 2030 was
35.8 yr in the status quo scenario, based on cur-

rent Social Security Administration projections
(see www.socialsecurity.gov/oact/TR/2011/tr
2011.pdf ). It improved by �1 yr in both the
delayed cancer (36.9 yr) and delayed heart dis-
ease (36.6 yr) scenarios. In the delayed aging
scenario, however, it increased to 38.0 yr, an
improvement of 2.2 yr (Fig. 1) (Sullivan et al.
2013).

Under the status quo, the number of elderly
people—those age 65 or older—in the United
States more than doubled, increasing from 43
million in 2010 to 106 million in 2060. The
scenarios of delayed cancer and delayed heart
disease diverged little from the first scenario,
leading to only 0.8% and 2.0% more elderly
people in 2060, respectively. In contrast, the de-
layed aging scenario added 6.9% more elderly
people. These demographic gains would occur
quickly, with 6.1% more elderly Americans than
in the status quo scenario after only 20 yr.

Of course, it matters whether these survi-
vors would be healthy or disabled. In the status
quo scenario, 31.0 million people age 65 or
older were not disabled in 2010; the number
was 75.5 million in 2060 (Fig. 2) (Manton
et al. 1997; Freedman et al. 2004). In the dis-
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Figure 1. Survival in the 2030 cohort under baseline and delayed aging scenarios. Calculations are derived from
the Future Elderly Model (see www.rand.org/pubs/research_briefs/RB9324/index1.html).
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ease-specific scenarios, there were very small in-
creases in the number of nondisabled elderly
people compared with the delayed aging sce-
nario, in which there was a 15% increase from
the status quo scenario.

These absolute numbers can also be trans-
lated into disability rates. Today, the share of the
elderly United States population without dis-
abilities is �72%. In the status quo scenario,
this share increased to 78% in 2026 but then
declined to 71% in 2060 (Fig. 3) (Sullivan

et al. 2013). This decline was caused by the lower
all-cause mortality rates projected for the fu-
ture, and the growing prevalence of health risks
(such as obesity) among people entering the
elderly group.

The disease-specific scenarios both had an
effect nearly identical to the status quo scenario.
In comparison, the delayed aging scenario
yielded a larger share of nondisabled seniors
in every year between 2010 and 2026, compared
with the status quo scenario. Although the size
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Figure 2. Millions of nondisabled and disabled elderly Americans in various scenarios, 2010–2060. The figure
shows the number of elderly Americans (age 65 or older) projected to be either nondisabled or disabled
according to the various medical progress scenarios. Disabled is defined as having one or more limitations in
instrumental activities of daily living, having one or more limitations in activities of daily living, living in a
nursing home, or a combination of the three. The delayed aging scenario resulted in a substantially higher
percentage and number of nondisabled people than the delayed heart disease or delayed cancer scenario.
Calculations are derived from the Future Elderly Model (see www.rand.org/pubs/research_briefs/RB9324/
index1.html).
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of the difference declined from 2030 to 2060,
during that 30-yr period, an additional 5% of
elderly people were nondisabled in the delayed
aging scenario. Per capita Medicare spending
was also lower in the delayed aging scenario
than in the status quo scenario.

On the population level, the aggregate costs
show the fiscal strain imposed by delayed
aging (Fig. 4). In that scenario, more elderly
people were alive. Consequently, more people
qualified for entitlement programs, and costs
were higher. In 2060, spending in the delayed
aging scenario was $295 billion more than in
the status quo scenario. In contrast, the delayed
cancer scenario led to only a modest increase,
and the delayed heart disease scenario brought
spending below the level in the status quo sce-
nario.

The gap in income support was also consid-
erable. Spending beyond that in the status quo
scenario was relatively low in the disease-specif-
ic scenarios (Fig. 5). In comparison, it climbed
to around $125 billion in the delayed aging sce-
nario by 2055. Delayed aging would add nearly
$420 billion to the entitlement deficit in the

status quo scenario in 2060, 70% of which
would come from increased outlays for Medi-
care and Medicaid.

Figure 6 shows the fiscal effects of the four
main scenarios as well as the effect of delayed
aging with the eligibility fix to Medicare and
Social Security described above. The eligibility
fix would more than offset the additional costs
of delayed aging relative to the costs of the status
quo scenario.

THE VALUE OF DELAYED AGING

Our results show that shifting the focus of med-
ical investment to delayed aging would lead to a
set of desirable, but economically challenging,
circumstances. The potential gains are signifi-
cant. Although the disease model has reduced
mortality from lethal conditions dramatically
in the past century, its influence is now waning
because of competing risks. As people live lon-
ger, they are more likely to fall victim to multiple
diseases. Our simulations of reduced incidence
of heart disease and cancer suggested incremen-
tally smaller gains in longevity going forward.
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The medical costs of treating these diseases in-
dependently would rise but, for example, would
produce only a 3.2-yr increase in life expectancy
for 65-yr-olds from 2010 to 2060 (The Board of
Trustees of Federal Old-Age and Survivors In-
surance and Federal Disability Insurance Trust
Funds, see www.socialsecurity.gov/oact/TR/
2011/tr2011.pdf ).

Recent research has shown that the decades-
long improvement in the functional status of
older Americans halted in 2002 (Lakdawalla
et al. 2004; Crimmins and Beltran-Sanchez
2011). This suggests that many of the historical
drivers of better health in the elderly may no

longer work. Declining disability buttresses
the case for research on slowing aging by com-
pressing morbidity and extending healthy life,
which would provide an adequate workforce for
producing the goods and services that the future
aging society would use, and would yield direct
benefits to those older people who remain so-
cially engaged.

Still, the fact remains that longer lives would
mean greater fiscal burdens for Social Security
and other income support programs and in-
creased Medicare and Medicaid expenditures,
even as per capita medical costs declined. An
unequivocal answer to the question of whether
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Figure 4. Change in Medicare and Medicaid spending on health care in various scenarios compared with status
quo, billions of dollars, 2010–2060. All spending is in 2010 dollars. The figure shows per period (nondis-
counted) projected spending on Medicare and Medicaid under various medical progress scenarios, relative to
the status quo scenario for Americans aged 51 or older. Spending is much higher in the delayed aging scenario
because of the larger increase in the total population, even though per period costs for Medicare are lower.
Calculations are derived from the Future Elderly Model (see www.rand.org/pubs/research_briefs/RB9324/
index1.html).
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the current focus of medical research and in-
vestment should be shifted from the disease
model to delayed aging depends on whether
the potential gains could be realized and the
adverse consequences allayed. One way to reflect
on the future gains is to look at the presented
discounted value of all the additional, quality-
adjusted life-years that arise from delayed aging
relative to the status quo. These can then be val-
ued using a conservative metric such as $100,000
per life-year. Doing so yields a social benefit re-
lated to delayed aging of �$7.1 trillion, without
even considering the cognitive benefits that
could arise from these interventions (Christen-
sen et al. 2013).

Given the large social return, the question
then becomes how we accommodate these

changes fiscally. Several policy measures might
achieve fiscal balance; we show one involving
eligibility changes, but a full evaluation of the
options is beyond the scope of this research.
However, we note here one benefit of delayed
aging that might enlarge the set of possibilities.
With people staying healthy until a much later
age, it might be more feasible to justify raising
the eligibility age for public programs for se-
niors. Arguments against doing so often note
that life expectancy increases in lower socioeco-
nomic groups have lagged far behind those in
better-off groups (Ketcham and Simon 2008;
Kindig and Cheng 2013). A future in which
delayed aging increased the health of all socio-
economic groups would make these increases in
eligibility ages more palatable.
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2010–2060. All spending is in 2010 dollars. The figure shows per period (nondiscounted) projected spending on
income support under various medical progress scenarios, relative to the status quo scenario. Income support
includes all Old-Age and Survivors Insurance, Social Security Disability Insurance (OASDI) and Supplemental
Security Income (SSI) spending on Americans age 51 or older. Spending is much higher under the delayed aging
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Model (see www.rand.org/pubs/research_briefs/RB9324/index1.html).
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CONCLUSION

It is clear that competing health risks limit the
impact of major clinical breakthroughs for spe-
cific diseases. In other words, making progress
against one disease means that another one will
eventually emerge in its place. However, evi-
dence suggests that if aging is delayed, all fatal
and disabling disease risks would be lowered
simultaneously.

The potential economic benefits of delayed
aging are enormous. We find that realizing the
promise of the current biological models might
net society .$7 trillion in net benefits. (This

windfall may explain why the private sector has
become increasingly keen to research these
mechanisms.) The major challenges of delayed
aging appear to be of a fiscal nature, but they are
manageable. The benefits to society of delayed
aging would accrue rapidly and would extend to
all future generations. Investing in research to
delay aging should become a priority.

More generally, innovations to prevent dis-
ease have enormous economic salience, even at
older ages. However, our current health system
rewards treatment at the expense of prevention.
This has likely led to dramatic underinvestment
in forestalling disease onset. Clearly, there is a
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public role to play in tilting the playing field
back from treatment to prevention, and as evi-
dence presented here indicates, delayed aging
could very well become the most efficient meth-
od of primary prevention available.
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