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Abstract

The rise in human longevity is one of humanity’s crowning achievements. Although advances in public health beginning in the 19th century 
initiated the rise in life expectancy, recent gains have been achieved by reducing death rates at middle and older ages. A debate about the future 
course of life expectancy has been ongoing for the last quarter century. Some suggest that historical trends in longevity will continue and 
radical life extension is either visible on the near horizon or it has already arrived; whereas others suggest there are biologically based limits to 
duration of life, and those limits are being approached now. In “inconvenient truths about human longevity” we lay out the line of reasoning 
and evidence for why there are limits to human longevity; why predictions of radical life extension are unlikely to be forthcoming; why health 
extension should supplant life extension as the primary goal of medicine and public health; and why promoting advances in aging biology may 
allow humanity to break through biological barriers that influence both life span and health span, allowing for a welcome extension of the 
period of healthy life, a compression of morbidity, but only a marginal further increase in life expectancy.
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One of the more spirited debates in science today involves questions 
of how long people can live, whether resources should be directed 
toward life extension versus health extension, and what is standing 
in the way of rapid progress in efforts to slow the biological process 
of aging? At the center of these debates are two fundamental ques-
tions: is there a limit to human longevity, and if there is one, are we 
close to it?

This debate and a closely related effort to modify the basic bio-
logical processes of aging now has the eye of entrepreneurs and 
scientists that envision a breakthrough in aging biology in time to 
positively influence the health and longevity of most people alive 
today (1). A  breakthrough of this kind would likely be the most 
impactful public health revolution in this century (2). The possible 
impact of such a breakthrough on life expectancy (a population-
based metric) is likely to be small for reasons to be described later, 
but justification for research on aging biology as a new method of 
Primary Prevention (3) to enhance the health span of individuals 
should not be influenced by an answer to this question. Using aging 
biology as a preventive measure is hypothesized to compress mor-
bidity and extend the period of healthy life; living longer in good 
health would be the bonus.

Obstacles to breakthroughs in aging biology are both prevalent 
and challenging, but one obstacle is avoidable—assertions of radical 

increases in life expectancy and maximum life span that are sup-
ported primarily by hyperbole, exaggeration, misinformation, and 
secondary gain. Therein lies the problem. The “inconvenient truths 
about human longevity” described here yield insights into why there 
are limits to human longevity; why predictions of radical life exten-
sion are unlikely to be forthcoming; why health extension should 
supplant life extension as the primary goal of medicine and public 
health; and why recent efforts to promote aging biology based on 
exaggerated claims about the future of human longevity stand in the 
way of funding for aging science.

Is There a Ceiling on Human Longevity?

Let’s begin with a basic question—is there a limit to how long we can 
live? One might ordinarily think this would be an easy question to 
answer given that death has always called upon humanity with such 
consistency and regularity (4)—resembling a “law of mortality” that 
was first proposed by Benjamin Gompertz in 1825 (5). Nevertheless, 
there remain diametrically opposed answers to this question.

One mathematical demographer suggested that “over sufficiently 
long time periods, it is not at all unusual for death rates to decline by 
half or more,” and therefore “there is simply no convincing evidence 
(demographic, biological or otherwise) of a lower bound on death 
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rates other than zero” (6). Make no mistake about it—this is a de-
clarative statement that because death rates declined in the past, they 
can and will continue to do so indefinitely into the future such that 
one more day of life can always be manufactured by medical tech-
nology. The result according to this line of reasoning is death rates 
of zero, and this of course translates into immortality. Although it 
may seem odd to use a purely mathematical line of reasoning to for-
mulate a hypothesis about a fundamentally biological phenomenon 
such as human longevity, in the field of aging this is common because 
duration of life is often studied by scientists that work exclusively 
with mortality statistics, without considering the biology that drives 
the phenomenon being observed.

This mathematical line of reasoning, suggesting that survival 
time can be manufactured indefinitely by hypothetical medical tech-
nologies that do not yet exist, is suspiciously close to a mathematical 
argument formulated by the Greek philosopher Zeno in approxi-
mately 450 bc—referred to as Zeno’s Paradox (7). In Zeno’s purely 
mathematical description of a problem in physics, an argument is 
made that an arrow shot at a tree will never reach its target, and a 
tortoise with a head start in a race with a hare will never be over-
taken, because the distance between the two can, mathematically, be 
reduced by half indefinitely—never reaching zero.

Of course, in the real world the arrow always reaches its target 
and the hare always surpasses the tortoise because the mathemat-
ical equation fails to comport with the reality of basic physics, just 
as mathematical arguments for immortality fail to consider limits 
or ceilings imposed by human biology—notwithstanding declarative 
statements about future radical increases in longevity without bio-
logical evidence to support them.

A simple example reveals the problem with mathematically de-
rived claims for immortality. Consider the current world record for 
the one-mile run. Charles Westhall from England first set the record 
in 1855 when he ran a mile in 4 minutes 28 seconds. The record 
declined linearly since then to the current record set by Hicham El 
Guerrouj in 1999 at 3 minutes and 43.13 seconds. The rate of im-
provement in world record running times for the mile in the last 
150 years is every bit as linear as the rise in life expectancy at birth 
in humans over the same time period (8). It would be a simple matter 
to extend this historical trend linearly into the future, and forecast 
that a mile will be run instantaneously several centuries from now. 
This is a laughable exercise to even the casual observer, but virtually 
identical to the effect of deploying purely mathematical arguments 
to support radical life extension and immortality in the future, or a 
prediction that life expectancy in the past was zero based on back 
casting extrapolation.

The inconvenient truth is, reality gets in the way. Improvements 
in world record running times for the mile have not changed in the 
last 19 years, and for decades prior to 1999 the rate of improvement 
decelerated. World records for other Olympic events have also decel-
erated to a snail’s pace in the modern era (9,10). This phenomenon 
may be referred to as “peak Olympics” or “peak longevity” when 
applied to the topic of this article; an age when it is no longer pos-
sible to push the functioning of the human body much beyond its 
current limits (11).

Although there is no reason to believe that there are specific 
biologically based constraints on running the mile, skating 1,000 
meters, or the distance a javelin can be thrown, the basic design of 
the human body nevertheless imposes indirectly determined limits 
on strength, speed, and duration of life. There is no reason to believe 
that natural selection favored such limits explicitly, but the limits 

exist nonetheless. However, this reality does not mean that humans 
should stop seeking ways to improve and extend our health span.

A description of some of these biologically based limits on human 
longevity imposed by body design, including the Achilles heel of an 
aging brain, was described years ago by Olshansky and colleagues 
(12,13). The fact is, humans cannot run as fast as a cheetah, jump 
as high as a gazelle, or live as long as a Greenland shark (392  ± 
120 years) because the body design of each species, which is based 
on a genetically determined set of life history attributes that evolved 
over millions of years, are not optimized with longevity as the end 
game. Aging as we know it is the unintended consequence of ac-
cumulated damage (coupled with imperfect repair mechanisms) to 
the same human biology that also gives us life. Human longevity 
should best be thought of as an inadvertent byproduct of fixed gen-
etic programs that optimize for growth, development, reproduction, 
and ensuring the reproductive success of offspring (eg, grandparent-
hood) (14).

The first inconvenient truth is that purely mathematical arguments 
used to support radical life extension are inherently flawed for the 
same reason that Zeno’s Paradox cannot be true—because just like 
Zeno who failed to invoke basic rules of physics, purveyors of math-
ematical arguments supporting radical life extension fail to take into 
account the biological reality that drives longevity determination in 
humans.

There are two other mathematically based predictions of radical life 
extension that are similar to the one stated earlier. In one case, de 
Grey (15) contends that humans are approaching an “actuarial es-
cape velocity”—a hypothetical world in which “mortality rates fall 
so fast that people’s remaining (not merely total) life expectancy in-
creases with time.” For this to happen, medical technology would 
need to manufacture survival time faster than the rate of living is 
taking it away—a condition de Grey contends (without evidence) is 
forthcoming. de Grey (16) (p. 393) further contends that declines in 
death rates will soon accelerate dramatically at older ages (past age 
105) until the probability of death will “ . . . fall to 5% or lower, and 
most to below 1% . . .” As a frame of reference, death rates at ages 
more than 105 years now are at 50 per cent or higher (17,18). The 
absence of empirical, biological, or even suggestive evidence to sup-
port any of these claims, especially those with specific mathematical 
predictions about future death rates attached to them, demonstrates 
that these estimates are derived from nonscientific methods. This 
exaggeration proves harmful for those seeking funding for aging 
science.

The second inconvenient truth is that hyperbole about the impact of 
interventions in aging biology that do not yet exist, and the resulting 
hypothetical future course of human longevity, is unnecessary given 
that trends in population aging and life extension already experienced, 
is sufficient rationale for accelerated funding of aging science.

Another mathematically based prediction for radical life extension 
is the simple suggestion that if declines in death rates observed 
in the past continue into the future, radical life extension has al-
ready arrived for cohorts born today (19). A claim similar to this 
was originally made by Vaupel and Gowen (20), but the argument 
then (more than 30 years ago) was that babies born in the modern 
era could, on average, live to 100 years or more. A more forceful 
statement has since been made by the same author ‘ . . . in coun-
tries with high life expectancies most children born since the year 
2000 will [emphasis ours] celebrate their 100th birthday . . . ’ 
((21); p.536).
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This is not just a prediction that period life expectancy at birth 
will rise to 100 years; rather, this latest assertion is orders of mag-
nitude more audacious. The underlying and unstated assumptions 
behind this view might not be appreciated by non-demographers, so 
an explanation is provided later. The current use of “will” instead 
of “could” transforms this into a prognostication that is by now al-
ready 28 years in the making—which means its truthfulness can be 
measured today using national vital statistics data.

The prediction that cohort life expectancy at birth for babies 
born today will be 100 years or more once the entire cohort dies 
out in the early 22nd century, required at the time it was made, 
that total mortality decline by a minimum of 2 per cent annually 
at all ages beginning in 1990, and extending through the 21st cen-
tury. Furthermore, it also means that cohort life expectancy at birth 
for babies born after 1990 will be roughly 15–20 years higher than 
period life expectancy estimates based on death rates observed at 
all ages since then. How much greater is unclear as the term “most 
babies” was not defined by the authors, but it is certainly more than 
50 per cent, and frankly it may not matter given the radical tenor of 
this prediction.

To provide non-demographer readers with a sense of just how 
radical this prediction is, consider the fact that during the 20th cen-
tury when life expectancy at birth rose by an unprecedented 30 years 
(faster than at any time in recorded history), cohort life expectancy 
for those born in 1900 was an astounding 9.3  years greater than 
period life expectancy in that same year (see Ref. (7), Figure 1). The 
primary reason why the difference of 9.3  years was so large was 
because infant and child mortality dropped precipitously in the first 
half of the century due to advances in public health that included 
rising living standards and improved socioeconomic status. When 
early age mortality declines, decades of life for each person saved are 
added back into the life table because saving a child from death en-
ables most of them to live into their 60s, 70s, and beyond.

This powerful force that brought forth the first longevity revolu-
tion and a rapid 30-year increase in life expectancy at birth, cannot 
happen again. The implication is that future large gains in life ex-
pectancy, should they occur, must result from declining middle and 
old age mortality. Therein lies both the dilemma and the barrier to 
such forecasts. To be clear, the underlying premise of extrapolation-
based forecasts—that future trends in life expectancy will follow 
along a path drawn from the past—is invalid from the start because 
the gains in longevity must now come from a different part of the age 
structure, and for totally different reasons.

It is worth noting that period life expectancy at birth is calculated 
from death rates observed at all ages in a given year. The underlying 
assumption is that this estimate is how long an average person in 
that year would live if death rates prevailing in that year, remain 
constant for the duration of life of the entire birth cohort. If death 

rates decline, as they did in the 20th century, then period life expect-
ancy at birth will underestimate how long the cohort will live; if 
death rates rise, then period life expectancy overestimates duration 
of life. Cohort life expectancy, by contrast, is how long a birth cohort 
actually lived. The year 1900 is ideal for illustrating the difference 
between period and cohort life expectancy because everyone born in 
that year and earlier has already died.

For extrapolation-based forecasts of cohort life expectancy to 
come true now, cohort life expectancy for babies born today would 
need to be greater than 20  years higher than period life expect-
ancy at birth—more than double the magnitude of the difference 
observed during the last century. This view requires that medical 
technology in the future must manufacture far more survival time 
for the old than public health did a century ago for the young—we’ll 
leave it to the reader to decide on the plausibility of this assumption.

This is not the only problem with this line of reasoning. Because 
mathematically based forecasts of linear increases in life expectancy 
at birth are projected to occur at a rate of 2 years per decade (0.2 year 
increase in life expectancy at birth annually) (19), this places a par-
ticularly onerous burden on the forces required to make it all come 
to pass. By way of illustration, a 0.2-year annual improvement in e(0) 
today requires that total mortality at all ages decline by 2.2 per cent 
annually. Fifty years from now the same 0.2-year improvement in e(0) 
requires a 3.7 per cent decline in total mortality at all ages ((7); p.6). 
To be clear, just like the prediction from de Grey, the rate of improve-
ment in old age mortality must accelerate from one year to the next 
to maintain linear increases in life expectancy—such acceleration 
rarely occurred in the past and is not occurring now. Given that the 
technological advances required for this to occur are hypothetical 
(ie, not yet invented), this position of advocacy is indefensible.

The third inconvenient truth is that forecasts of linear increases in 
cohort life expectancy at birth and accelerating declines in death rates 
at older ages are not just sharp deviations from the past—they are 
radically different, and presented directly in the face of contradicting 
empirical evidence that life expectancy at birth is decelerating in many 
developed nations. According to Wilmoth ((22), p. 1127), “ . . . the 
burden of proof lies with those who predict sharp deviations from 
past trends.” 

As these forecasts of radical life extension were first made in 1990, it is 
possible to determine whether the last quarter century of mortality ex-
perience in the United States has followed the predicted pattern. Table 
1 illustrates the annual average rate of improvement in the observed 
pattern of life expectancy at birth for males and females combined in 
the U.S. There isn’t a single decade since 1990 when life expectancy 
rose by two years; there were only 9 years of the 26 since 1990 that 
life expectancy rose by 0.2 years or more; during 3 of the last 26 years 
life expectancy actually declined; the annual rate of improvement in 
life expectancy since 1990 was only 0.17 years (not 0.2 as predicted 
by Vaupel); and during the last 6 years the annual rate of improvement 
decelerated precipitously to 0.017 years (23). In fact, since the middle 
of the 20th century, the only decade that witnessed an increase in life 
expectancy at birth that exceeded two years was during the 1970s 
when cardiovascular disease began to decline precipitously (although 
the decade of change between 2000 and 2010 was close to 2 per cent). 
Observed mortality trends in the United States since 1990 indicate 
definitively that the rate of improvement in life expectancy in the 
United States has decelerated dramatically (24,25).

Notions of limits to human longevity have been made before 
(26–28)—with a specific prediction that life expectancy at birth 
for any national population was unlikely to ever exceed 85  years 

Table 1.  Annual Average Rate of Improvement in e(0), by Decade 
(United States, 1990–2016) 

Life Expectancy  
at Birth

Annual  
Improvement

1990 75.40 —
2000 76.84 0.142
2010 78.81 0.197
2016 78.91 0.017

Note: Human Mortality Database (1) (data accessed, January 2019).
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without a breakthrough in aging biology. To date, and contrary to 
false claims that this limit has been broken (29), no national popula-
tion has ever exceeded this “limit” proposed back in 1990.

The fourth inconvenient truth is that the observed rise in life expect-

ancy and observed declines in death rates have not in the past, and 

are not now, occurring at the pace predicted by those claiming radical 

life extension is forthcoming or is already happening. Linear forecasts 

of life expectancy increases should not be used by governments or 

organizations for forecasting purposes. Instead, three-dimensional 

forecasting models that rely on the observed health status of living 

cohorts as the basis for predicting death rates have been proposed as 

the best method of forecasting life expectancy. (30)

Biodemographic Reasoning Behind Limits to 
Longevity

The other side of the longevity debate suggesting that human life 
expectancy is limited, follows from both empirical evidence and 
several related lines of scientific inquiry. The demographic evidence 
supporting the limited life-span hypothesis is compelling. First, 
Olshansky and colleagues (28) demonstrated more than a quarter 
century ago a phenomenon known as entropy in the life table—this 
is a purely mathematical attribute of how life expectancy is calcu-
lated where it is illustrated that the higher life expectancy gets, the 
more difficult it becomes to raise it further. The reason is straightfor-
ward—when life expectancy at birth approaches 80 years, the vast 
majority of all deaths in a population are concentrated between ages 
60 and 95 years. As death rates in this age window are so high with a 
doubling time of approximately 7–8 years; and they’re high at these 
ages because aging has become the dominant risk factor for diseases; 
and as aging is currently immutable; saving lives at older ages yields 
diminishing longevity returns relative to lives saved at younger ages.

This is not a declaration that efforts to save lives at older ages 
should be abandoned as has been mistakenly suggested (31); rather, it 
is a purely mathematical argument illustrating that the metric of life ex-
pectancy becomes less sensitive to declining mortality as it approaches 
and exceeds 80 years. This is the reason why cures for major fatal dis-
eases today will no longer produce large increases in life expectancy, 
and it is the primary reason why projected linear increases in life ex-
pectancy is unrealistic. We reaffirmed entropy in the life table using 
data from several developed nations in an article published 11 years 
after our original article (32). The overall conclusion then was that 
breaching the upper limit of 85 for a national population (men and 
women combined) would require a modification to the biological rate 
of aging. Nothing has happened since then to change that view.

In a second line of inquiry we compared the mortality of humans 
with two other species, mice and dogs, where causes of death for all 
three species were verified to be aging related (33). This was done 
because it was earlier hypothesized that almost all sexually reprodu-
cing species possess an intrinsic mortality signature (eg, schedules of 
age-specific death rates) that is linked specifically to the reproductive 
schedule inherited by each species. Once normalized for time, these 
mortality schedules should, according to evolutionary theory (34), 
overlap—revealing a common mortality pattern and a predicted 
maximum life span for each species. We were not the first to hypothe-
size this phenomenon—it was intimated by Benjamin Gompertz in 
1825 when he coined the term “Law of Mortality” (35); confirmed 
by Makeham (36), studied by Loeb and Northrop (37) and Brownlee 
(38); empirically evaluated by Greenwood (39) and Pearl (40,41); 
re-evaluated by Deevey (42); and then the Law of Mortality was 

finally solved by Carnes and colleagues (34). For a detailed history 
of these efforts to understand the dynamics of human mortality, see 
Ref. (5). Once the intrinsic mortality schedules for all three species 
were compared and scaled for time (for more on interspecies time 
scaling see Ref. (8)), it was concluded that the life expectancy limit 
for humans was approximately 85 years.

Our third line of inquiry on limits was predicated on the evolu-
tionary conclusion that bodies have biological warranty periods and 
that the expiration date of those warranty periods is linked to the time 
required to reach sexual maturity, reproduce, nurture young, and (for 
some species) provide grandparenting (43). Observed age-specific fer-
tility patterns in mice and humans were used to infer the median age of 
death from intrinsic causes for humans on the basis of mouse data (33). 
The resulting maximum median age at death for humans (an approxi-
mation of life expectancy at birth) fell within the mid to upper 80s.

The fifth inconvenient truth is that while there can be no genetically-
driven program for aging or death, there are nevertheless biologic-
ally based limits on human longevity that are driven by fixed gen-
etic programs that influence human body design. An inadvertent 
byproduct of these programs is limits on multiple functional attributes 
of the species—longevity is one among many.

These three totally independent approaches (the last one not even 
involving mortality data for humans) produced nearly identical 
probabilistic limits for the life expectancy of human populations. 
Taken together, we contend this is compelling evidence that age 
85  years represents an upper limit to life expectancy for humans. 
Keep in mind that this 85-year life expectancy limit is for a popu-
lation, which means approximately 40 per cent of the original birth 
cohort must live at least to age 90 years; 5%–6% is likely to reach 
100; and even a small percentage of the cohort is expected to reach 
the ages of 110–115 years. Exceeding 115 is likely to occur for only 
a handful of people—and this has proven to be so (44). It is therefore 
not surprising that the rise in life expectancy in developed nations 
has decelerated in recent decades, and that it has begun to level off 
just short of 85 in many of today’s developed nations (24,25). This 
is exactly what we predicted would happen more than a quarter cen-
tury ago (28). Although there is still plenty of room for improvement 
to reach the 85 limit (remember that entropy in the life table implies 
that an increase in e(0) from 83 to 84, or 84 to 85, requires an extra-
ordinary effort that is much more difficult to achieve than moving 
life expectancy from 80 to 81); going beyond that limit still requires, 
in our view, modifications to the underlying biology of aging.

The Future

The 30-year rise in life expectancy in the last 120 years was one of 
humanity’s greatest achievements. Public health played a critical role 
in the beginning when the easy gains in longevity were possible by 
saving the young, but these easy gains cannot happen again. Medical 
technology took over in the later part of the century to manufacture 
survival time for people that would have otherwise succumbed at 
younger ages to death’s consistent harvest. The rise of diseases of 
aging such as heart disease, cancer, stroke, and Alzheimer’s disease, 
to name a few, were not a consequence of humanity’s failure to live 
a healthy lifestyle or the consequence of increasingly more polluted 
environments—they were a product of success. In the modern era in 
long-lived populations we now live long enough for aging related 
diseases to impact human health. In other words, the longer we live, 
the more powerful the biological process of aging becomes as a risk 
factor for the diseases that kill us.
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These observations present humanity with a rather interesting 
dilemma today. If we continue to attack chronic fatal and disabling 
diseases in the future as we have in the past, we might very well 
succeed in postponing death, but the price of this success will likely be 
a rise in the prevalence and severity of aging related conditions. The 
trade-offs may no longer be favorable as increasingly larger segments 
of the population survive deeper into the “red zone”—a period in the 
life span when frailty and disability rise exponentially (45).

The sixth inconvenient truth is that combating diseases of aging as if 
they are independent of each other is likely to lead to a rising preva-
lence and severity of aging related diseases. The solution is to chal-
lenge the conventional approach to disease and instead of attacking 
one disease at a time, enhance the effort to combat the processes of 
aging that give rise to these diseases. (46)

This new form of Primary Prevention in an aging world has been 
referred to as the Longevity Dividend (3,47) or Geroscience (48,49). 
Evidence amassed in recent years indicates that aging science shows 
great promise as a method of extending health span (50–56). We are 
now witnessing the rise of a large number of companies that have 
taken on this challenge and the acceptance by the U.S. Food and 
Drug Administration that aging is a legitimate target for therapeutic 
interventions (1). The first to succeed in developing a documented 
safe and efficacious intervention that modulates aging will mark 
their place in public health history alongside John Snow, Edward 
Jenner, Jonas Salk, Louis Pasteur, Florence Nightingale, Sir Edwin 
Chadwick, and Sara Josephine Baker (among others).

No one can know exactly how anticipated advances in aging 
biology will influence the future course of life expectancy, which is 
why we have fundamental disagreements with scientists that claim 
radical life-span extension is forthcoming in the absence of empir-
ical evidence to support this view, and in the presence of global 
trends indicating that limits to longevity are being approached. 
Our view is that right now it doesn’t matter what the effect of such 
aging interventions might be on life expectancy. If the goal of aging 
science and modern medicine shifts from its historical emphasis on 
trying to make us live longer, to a new goal of extending the period 
of healthy life, we no longer have to fight the uphill battle against 
life table entropy. Indeed, the very aging interventions advocated 
by those claiming that radical life extension is forthcoming might 
very well come to pass; and we’re advocating here that they should 
be pursued aggressively. Where we differ from advocates of radical 
life extension is that we don’t attach unsubstantiated and/or exag-
gerated increases in life expectancy to them. Health-span extension 
can also be measured in the short term, which means public health 
will quickly know whether an aging intervention is having the de-
sired outcome.

Questions about upper limits to life expectancy should best be 
left to esoteric elements of mathematical demography that focus on 
mortality dynamics where few people survive, or science fiction. The 
latter appears to be the genre used by those now predicting life ex-
pectancies of more than 100 and life spans of more than 1,000, and 
even occasional forays into discussions of immortality. We prefer the 
focus shift exclusively to health-span extension.
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