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ABSTRACT

Although average human life expectancy is rising, the maximum lifespan is not
increasing. Leading demographers claim that human lifespan is fixed at a natural limit
around 122 years. However, there is no fixed limit in animals. In animals, anti-aging
interventions (dietary restrictions, rapamycin, genetic manipulations) postpone age-
related diseases and thus automatically extend maximum lifespan. In humans, anti-
aging interventions have not been yet implemented. Instead, by treating individual
diseases, medical interventions allow a patient to live longer (despite morbidity),
expanding morbidity span. In contrast, slowly aging individuals (centenarians) enter
very old age in good health, but, when diseases finally develop, they do not receive
thorough medical care and die fast. Although the oldest old die from age-related
diseases, death certificates often list “old age”, meaning that diseases were not even
diagnosed and even less treated. The concept of absolute compression of morbidity
is misleading in humans (in truth, there is no other way to compress morbidity
as by denying thorough medical care) and false in animals (in truth, anti-aging
interventions do not condense morbidity, they postpone it). Anti-aging interventions
such as rapamycin may potentially extend both healthspan and maximal lifespan in
humans. Combining anti-aging medicine with cutting-edge medical care, regardless
of chronological age, will extend maximal lifespan further.

MAXIMAL LIFESPAN IN HUMANS

The life expectancy is constantly rising and median
lifespan is increasing but maximum lifespan is not [1, 2].
Although the number of centenarians (100 years old or
older) is doubling every ten years, maximum longevity
remains the same [1]. The longest living person died in
1997 at the age of 122 and this record has not been beaten.

Therefore, it was suggested that maximum lifespan
of humans is fixed and subject to natural constraints [3, 4].
Based on purely demographic data, natural limit to human
life span was estimated to be between 115 years [3, 4]
and 126 years [5]. Furthermore, Olshansky et al. believe
that the absence of people, who are older than 122, is the
evidence for why there are limits to human longevity [6].

It was suggested that longevity records cannot
be overcome unless a scientific breakthrough in
delaying aging would happen [7]. First, such scientific

breakthroughs are happening now and drugs that slow
down aging are becoming available (see for ref. [8]). Yet,
these drugs have not yet been employed in a sufficient
number of humans for a sufficiently long period of time
to make demographic impact. This breakthrough will
eventually break the lifespan record. However, such a
breakthrough is not even necessary. A mere application
of standard medical care to centenarians, as rigorously
as to younger adults, would probably extend lifespan
beyond 122, even without the need of a scientific
breakthrough. We will discuss here that an increase of
average lifespan without maximal lifespan is happening
because advanced medical interventions are available
for everyone except the oldest old, exactly those who
may live longer than 122, if treated. While a thirty-year
old patient with heart disease may become a candidate
for heart transplantation, it would be ridiculous even to
mention heart transplantation for a supercentenarian. In
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other words, life-extending care is not available (usually
with best intentions) exclusively and specifically to those
who can beat the 122 lifespan record. Furthermore, since
their death certificates state “old age” instead of a specific
disease, most centenarians do not receive treatment but
even a diagnosis [9, 10]. As we will discuss, this explains
why the 122 year record is not broken despite the absence
of any biological constraints.

HEALTHSPAN, LIFESPAN,
MORBIDITY, EXPANDED AND
CONDENSED MORBIDITY: GENERAL
NOTION

Humans and other animals, including C elegans, die
from age-related diseases. C elegans suffer from quasi-
programmed age-related diseases such as intestinal atrophy,
yolky lipid accumulation and teratoma-like tumors [11—
14]. Most common age-related diseases and pathologies
in humans are atherosclerosis and cardiovascular disease,
cancer, obesity and type 2 diabetes, hypertension,
Alzheimer’s and neurodegenerative diseases, osteoporosis,
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osteoarthritis, sarcopenia and others. In humans, age-
related diseases are late manifestations of aging [15].
Those humans, who age slower, develop diseases later
in life and live longer. Slowly aging centenarians do live
longer, because age-related diseases are delayed. For
example, centenarians are protected against cancer [16].

Healthspan is a period of healthy life, which
ends with the onset of age-related diseases, followed
by morbidity span (Figure 1A). Although healthspan is
difficult to measure precisely, it’s a useful abstraction [17].
Healthspan (HS) + morbidity span (MS) = lifespan (LS).
An increase in healthspan increases lifespan (Figure 1B).
(Note: For example, in centenarians the onset of diseases
is delayed and therefore they live longer. They could live
even longer, if they would receive thorough medical care
when diseases develop.) Standard medical interventions
treat each disease separately and thus extend lifespan by
increasing morbidity span (Figure 1C).

Morbidity not only can be expanded but also
compressed. In mice, morbidity span can be intentionally
compressed by sacrificing them (Figure 1D). When an
advanced disease is detected (e.g., tumor above certain size),
animals are sacrificed to prevent their suffering.
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Figure 1: Two ways to increase lifespan and one way to shorten it. (A) Defining healthspan (HS), morbidity span (MS) and
lifespan (LS). Healthspan (green) is a period of life without age-related diseases. Morbidity span (red), a period with diseases, culminates in
death. Healthspan (HS) plus Morbidity Span (MS) constitute lifespan (LS). The border between HS and MS is somewhat arbitrary (yellow).
With age, morbidity increases, reaching the death threshold. (B) Anti-aging interventions extend lifespan by increasing healthspan. In
animals, anti-aging interventions delay the onset of age-related diseases. An extended healthspan (measured by the absence of life-limiting
diseases) automatically increases lifespan because morbidity span is unchanged. When aging is slowed, lifespan is expanded. (C) In
humans, anti-aging interventions have not yet been employed. Life extension is achieved by expansion of the morbidity span by medical
care. (D) An animal can be sacrificed during morbidity phase to prevent animal suffering. (In fact, current rules require animal sacrifice at
certain conditions, like large and ulcerous tumors). This leads to artificial compression of morbidity.
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As we will discuss later, in the oldest humans,
morbidity is “relatively compressed”, not by active
sacrifice, but by passive “denying” (often by patients
themselves) of cutting-edge medical care, otherwise
available for the younger patients. (Note: I use the word
“denying” for brevity: in many cases, patients themselves do
not want aggressive medical interventions). This gives the
impression that morbidity is compressed in centenarians,
although it is simply expanded in everybody else, except
centenarians (relative compression).

ABSOLUTE COMPRESSION OF
MORBIDITY IS A MISLEADING
CONCEPT

In the last 20 years, numerous drugs gained
popularity as potential anti-aging drugs, including
flavonoids, NAD boosters and senolytics. Disappointingly,
most of them failed to extend lifespan in animals (see
for references [8]). Therefore, it become acceptable that
anti-aging drugs should not make animals live longer but
only healthier. A new paradigm proposes compression of
morbidity without extension of lifespan. Thus, Olshansky
“welcome ... a compression of morbidity, but only a
marginal further increase in life expectancy,” [6].

The question is how then humans will die, if not from
diseases. From good health? The idea of dying in good
health is based on a misconception that age-related diseases
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and aging are not one and the same. It is erroneously
believed that an animal including humans may die from
either aging or age-related diseases. In reality, they always
die from deadly manifestations of aging (age-related
diseases). The oldest old such as super-centenarians die
from age-related diseases [9, 10].

If so, to compress morbidity, diseases must develop
with astronomical speed. Would cancer grow in a matter
of minutes instead of months? No, cancer tend to grow
slower in the elderly [18]. Or, for example, development
of atherosclerosis begins in childhood [19] and it cannot
be compressed in months.

Morbidity span does not change, when healthspan
is extended (Figure 2A, 2B). It cannot be absolutely
compressed (only relatively) by extending healthspan,
unless we sacrifice an animal at the onset of diseases
(Figure 2A, 2C). Humans can be “sacrificed”
unintentionally by avoiding aggressive treatment in the
oldest old (for whatever good reasons). When aging is
slowing down even further, while progressively increasing
healthspan, then lifespan cannot be kept constant, even
if we sacrifice an animal. Consider healthspan extended
beyond initial lifespan (Figure 2A, 2D). Then to keep
lifespan constant, an animal must die before the end of
healthspan (Figure 2D). Healthspan longer than lifespan
is absurd.

When healthspan is extended, then morbidity
becomes only relatively compressed, rather than absolutely
[20, 21].

constant Iifespaﬁ\

constant lifespan

Figure 2: The problem of absolute compression of morbidity concept. See Figure 1 A for symbol explanation. M morbidity span.
(A) Initial lifespan. An untreated animal. (B) Anti-aging intervention. Morbidity span is constant, healthspan and lifespan are expanded. So,
morbidity “compressed” only relatively, not absolutely. (C, D) Fictional. Lifespan is kept constant, regardless of healthspan extension. A
progressively expanded healthspan, with constant lifespan, is bound to absurd.

WWW.0oncoscience.us

112

Oncoscience



“HEALTHSPAN WITHOUT LIFESPAN”
IS NOT GENUINE HEALTHSPAN

How then have studies in mice demonstrated the
extension of healthspan without extension of lifespan.
One possibility is that, in those studies, real healthspan
was not measured. Instead, artificial healthspan was
measured using arbitrary biomarkers. Genuine healthspan
is measured by the absence of deadly age-related diseases,
such as cancer in mice. In fact, interventions that extend
lifespan such as rapamycin, delay cancer in mice,
extending real healthspan [22-24].

There are life-limiting age-related diseases such as
cancer and non-life-limiting age-related conditions such as
grey hair. (Noteworthy, in humans, boldness, grey hair and
facial wrinkles do not predict mortality [25, 26]. Although not
life-limiting, grey hair is often used to measure health in mice.

If lifespan is not increased, despite an increase in
lifespan, then such “health markers” are not life-limiting
by definition. When aging is slowed down, discases are
delayed and slowly aging individuals must live longer,
exactly because diseases are delayed. Naturally-slowly
aging individuals are centenarians.

CENTENARIANS

Centenarians can be divided into survivors and
delayers/escapers [27]. Survivors develop age-related
diseases earlier in life but survived to the age of 100 due
to medical treatments. In other words, they are not natural
centenarians, but reach the 100-year-old threshold with the
help of thorough medical care.

In contrast, natural (slowly-aging) centenarians
(delayers/escapers), are characterized by a slow rate of
aging and delayed onset of age-related diseases (Figure
3A). Biological age is lower than chronological age in
natural centenarians (Figure 3A). We will discuss only
natural (slowly aging) centenarians.

In centenarians, life-limiting diseases (e.g.,
cardiovascular diseases, cancer [16]) but not necessarily
non-life limiting diseases/conditions (e.g, wrinkles, grey
hair) are delayed [25, 26].

Centenarians, especially supercentenarians, reach
old age in good health, indicating slow aging [16,
28-30]. Then, however, they deteriorate fast [1]. In
supercentenarians, morbidity is especially compressed
[28, 29, 31]. Why?
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Figure 3: Centenarians age slow and develop diseases late, but do not receive medical care when diseases develop.
(A) Aging and biological age are log of chronological age because mortality increases exponentially. Centenarians age slower and their
biological age is less than chronological age. The availability of medical care decreases with chronological age and centenarians receive
less care because morbidity develops at a higher chronological age. So, morbidity span is not medically expanded in centenarians, creating
the illusion of compression, relatively to everyone else. It is a relative compression. Green lines: healthspan. Red lines: morbidity span.
Note: morbidity starts at the same biological age for both groups. (B) Reverse relationship between chronological age and health care.
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CENTENARIANS DO NOT RECEIVE
MEDICAL CARE

The cost of end-of-life healthcare for centenarians
is substantially less than that for non-centenarians [32].
Ironically, these data are misinterpreted as if centenarians
do not need medical care, but the data actually mean that
they do not receive medical care. Centenarians use less
healthcare services than octogenarians (80-89 yo) and
nonagenarians (90-99 yo) [33].

The lessons of the COVID-19 pandemic are
revealing. In nursing homes, despite a higher mortality
rate of centenarians, their hospitalization rate was much
lower than that of younger patients [34].

As another example, hip replacement is very rarely
done for centenarians [35, 36]. However, it was found that
hip replacement should be performed in centenarians [35,
36], and successful hip surgery in a 107-year-old patient
was described [36]. The centenarians well tolerate joint
arthroplasty, spine surgery, laparoscopic cholecystectomy,
aortic valve repair, and other vascular procedures. It was
concluded that the oldest old should not be denied these
medical procedures “on the basis of chronologic age, and
they deserve equal resources as younger people,” [37].

Adequate cancer treatment is often not available for
elderly patients because of their advanced chronological
age [38—40]. This may compress morbidity compared to
the younger patients receiving adequate treatment [38—40].

In one study, 62.7% of patients older than 80 years
with lung cancer (stage III) did not receive any cancer-
directed care. However, survival was prolonged in patients
treated with chemoradiation [38]. Older patients with
advanced lung cancer have lower chances of receiving
cancer treatments, compared to younger patients, even
when their other morbidity and performance are equivalent
[40]. Pham et al. called this “treatment nihilism towards
elderly patients” [40]. With an increasing age, costs of
medical care decreased drastically, outpatient treatment
with pain medications was decreased too [39]. Walter
et al. suggested that older patients are at risk of insufficient
treatment [39].

The older the person, the fewer medical
interventions are provided (Figure 3B). One reason is an
erroneous belief that, although humans and other animals
die from age-related diseases, the very old humans die of
old age. In reality, everyone dies from age-related diseases
and supercentenarians are not exception [10].

The second reason why the oldest old do not receive
medical care is that physicians may consider it “cruel”
to aggressively treat fragile oldest old, who are believed
destined to die of old age “peacefully”.

The third reason is that some oldest old themselves
may not want medical care.

The fourth reason is that some resources are limited.
For example, heart transplants are limited by the number
of donor hearts available. It is accepted that finite health

care resources should be spent on the youngest patients.
Even hip replacement may be denied to centenarians
solely on the basis of age [35].

Whatever the reason, centenarians cannot beat the
122-year-old barrier.

In centenarians, slow aging delays diseases to the
age when medical care become almost nonexisting. The
diagnosis is usually unknown even after death (“old age”
as diagnosis). The evidence of good health is usually
based on self- and proxy reports of the age of onset of age-
related diseases [30]. As shown by Berzlanovich, although
most centenarians were believed to be absolutely healthy
before death, they died from typical age-related discases
in 100% of the cases examined [9, 10]. In addition, these
centenarians suffered from several comorbidities, which
were not judged to be the cause of death [10].

In centenarians, morbidity is relatively compressed
because it is not expanded compared to rapidly aging
individuals, who develop diseases at younger age and get
thorough treatment (Figure 4).

FIRST CONCLUSION

This article presents a simple explanation for why
average lifespan is constantly increasing, while maximum
lifespan is not. Constant advancements and improvements
of medicine care lead to increased morbidity span and thus
lifespan in everybody except the oldest old, because of
the reverse relationship between chronological age and
medical care. The later the onset of morbidity and thus,
a longer lifespan, the less medical attention and care one
receives. Consider an extreme hypothetical example: a
billionaire supercentenarian attempting to have a heart
transplant and willing to pay billions. That probably will
be illegal. This can explain in part why “there has not been
any improvement in mortality amongst centenarians in the
past 30 years.” [2].

Improvement can easily be made by not denying
medical care to them (Figure 4). Then supercentenarians
may beat the 122 record (Figure 4). (Note: I use the word
“denying” for brevity: in many cases, patients themselves
do not want aggressive medical interventions).

PREDICTION: GENDER GAP WILL BE
SHRINKING

If people with early morbidity and low life
expectancy benefit the most from continuous improvement
of medical care, men must benefit more than women.
Because Men live shorter lives than women and because
men develop deadly diseases at an earlier chronological
age. In theory, chronological age of older women prevents
them from receiving the same care as younger men.

In fact, the gender gap is closing in all countries,
driven by improvement of medical care [41-45].
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The life expectancy gender gap is closing fast: it
would narrow to 1.9 years by 2030. https://www.bbc.com/
news/health-32512351

https://www.independent.co.uk/life-style/life-
expectancy-men-women-same-2030-uk-deprived-areas-
research-ilc-a8276131.html

HOW TO DECREASE “RATE OF
AGING”

A group of leading demographists co-authored a
study in primates, “implying constraints on how much
the human rate of aging can be slowed” [46]. The study
however does not include experiments attempting to
increase lifespan in monkeys. The hypothetical conclusion

A

at the end of the discussion is: “improvements in the
environment are unlikely to translate into a substantial
reduction in the rate of ageing in humans” [46].

Improvements in the environment cannot change the
rate of aging. But rapamycin can.

In a large study by Harrison et al. 2009, rapamycin
given to mice late in life extended lifespan of the last
survivors in genetically heterogencous mice [47]. As
published in 2010 by Anisimov et al., parameter o of
the Gompertz model, which stands for the rate of aging,
was 1.8 times lower in rapamycin-treated mice compared
with control mice [24]. Rapamycin extended healthspan
(cancer-free survival), increased mean and maximal
lifespan in these cancer-prone mice [24]. Notably, the
increase in mean lifespan was relatively modest but
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Figure 4: Illusion of compressed morbidity in people with exceptional longevity. See Figure 1 A for symbols. (A) Everyone
(an average person). No health care. (B) Everyone (an average person). Current health care. Improvements in health care drive lifespan
by increasing morbidity span. (C) Exceptional longevity due to slow aging and extended healthspan. Because diseases develop at older
chronological age, they are not diagnosed or treated. The morbidity span is comparable to those shown in panel A. So, compression is
relative to panel B. If health care would be applied according to biological, not chronological age, then lifespan would be extended:

dashed line.
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increase in maximal lifespan was significant (12.4%) [24].
In female 129/Sv mice, rapamycin also decreased rate of
aging, increased lifespan in the last survivors [48]. Thus,
22.9% of rapamycin-treated mice survived the age of
death of the last mouse in the control group [48]. In some
mutant short-lived mice, rapamycin triples maximum
lifespan [49]. The higher the dose of rapamycin, the longer
lifespan [50-52].

Maximal lifespan is not fixed in primates either
[53]. In gray mouse lemurs, 30% calorie restriction (CR)
diet increases healthspan, increasing maximum lifespan
by 22% (13.8 years in the CR group vs. 11.3 years in the
control group) [53].

UNLIMITING “LIFESPAN LIMIT” FOR
EVERYONE

As we discussed, the lifespan of slowly aging
centenarians can be extended by providing them adequate
medical care. But can an average person beat the 122-year-
old record?

Currently, medical interventions extend lifespan
mostly by extending morbidity span (Figure 5). For
example, insulin therapy may extend lifespan in diabetic
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Medicine

Current
state

patients without reversing the disease. Standard medicine
treats each disease individually. In contrast, anti-aging
intervention is expected to slow down progression of
all age-related diseases [21, 54-56]. By now several
interventions were shown to increase healthspan and
lifespan in animals. Hypothetically, these interventions
may transform an average person into a slowly aging
centenarian.

Rapamycin and everolimus are available to delay
age-related diseases and increase health span in pets
[57] and humans [52, 56, 58]. Rapamycin-based therapy
may include medications such as metformin, aspirin,
angiotensin-2 antagonists, PDES inhibitors, DHEA,
melatonin and several others as well as fasting or low
carb diets [58]. In theory, anti-aging therapy may make an
average human resemble centenarians, aging slower and
developing diseases later. Due to anti-aging treatment,
these centenarians will reach 100 in good health, just as
genetic centenarians.

These centenarians should seek thorough medical
care, according to their lower biological age, not according
to their chronological age. This, however, will require the
revolution of policies, ethical standards and legal issues to
ensure maximum longevity.

Fictional

Anti-aging
c treatment

B Anti-aging
treatment

Figure 5: Hypothetical scenarios of adding anti-aging treatments to current medical care. (A) Currently, an average lifespan
is extended mostly due to health care that mostly extends the morbidity span. (B) Anti-aging therapy extends healthspan. If medical care
is still available without reduction, the morbidity span would remain the same, and lifespan would be increased further. Morbidity span
is relatively decreased (compared to healthspan) but remains constant absolutely. (C) Fictional scenario. Introduction of the anti-aging
therapy does not extend life. This is only possible if current heath care will be abolished altogether. See Figure 1A for symbols.
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