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Abstract
Beyond avoiding risky behavior—smoking,

substance abuse, obesity—and embracing healthy
habits like exercise, a balanced diet, and non-obese
body weight, are there things we each do today to
significantly extend our lifespan? Caloric restriction
is the only behavioral intervention consistently
shown to extend both mean and maximal lifespan
across a wide range of species. In most cases, the
lifespan extension is accompanied by a marked
delay in the onset of age-associated disease and
infirmity.
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uhgering for Immortality

by Joel C. Eissenberg, PhD

“If you live to be one hundred, you’ve got it made.

Very few people die past that age.”
-George Burns

Introduction

Public health measures like sanitary sewers and water
purification, together with the discovery of antibiotics
and vaccines, have greatly extended human lifespan. An
American born today can expect to live an average of 78.7
years, although significant regional and racial disparities
exist. Have humans living in western societies in the 21*
century achieved maximum lifespan, or are there additional
interventions that could extend lifespan further?

There are many things everyone can still do to increase
their likelihood of a long life: don’t smoke, wear sunscreen,
engage in regular exercise, maintain a healthy body weight,
don’t drive while texting. Some factors are beyond our
control, such as genetics. But which of us would not eat or
drink a magic elixir that would make us live longer? The
best medical evidence suggests that it’s not what we eat, but
what we don’t eat, that could add years to our lives.

Aging is the confluence of age-associate conditions
ranging from wrinkles and baldness to cardiovascular
disease and cancer. Aging-associated diseases can and do
occur in young patients with either genetic predisposition
or due to environmental insults. However, these diseases
will eventually develop in aging individuals even without any
specific genetic or environmental etiology if they live long



enough. The result is an age-dependent increase in personal
suffering and a substantial societal burden imposed by the
aging demographic. Increased lifespan free of chronic illness
is a highly desirable goal.

In a previous issue of Missouri Medicine, I discussed
the theory that progressive loss of DNA from the ends
of our chromosomes could be mechanistically associated
with aging." As I pointed out then, “[t]he most consistent
predictor of longevity in every organism tested is caloric
restriction.” Here, I summarize some of the evidence that

caloric restriction can extend healthy lifespan.

Caloric Restriction and Longevity

Caloric restriction refers to reduction in caloric intake
short of malnutrition, typically a reduction of 20-50%
compared to ad libidum. The association between caloric
restriction and longevity has been known for over eighty
years.” Studies in yeast, protozoa, nematodes, insects, fish
and mammals have so far shown that caloric restriction is
the only known intervention consistently and reproducibly
associated with prolonging lifespan.’* In some experiments,
the lifespan extension can be 1.5-3 fold! The longevity
benefit of caloric restriction follows a U-shaped curve;
modest-to-significant caloric restriction can significantly
extend lifespan, but when caloric restriction becomes frank
starvation, the longevity benefit is reversed (Figure 1).

But how relevant are the data in model organisms,
which tend to be genetically homogeneous and are tested
under highly constrained environmental conditions, to
genetically diverse, free-living humans? Various large- and
small-scale studies over the past 60 years suggest that
caloric restriction can slow age-related degeneration
in metabolic regulation, muscloskeletal systems and
cognition (Figure 2).> The most complete study on the
effect of caloric restriction in humans was the CALERIE
(Comprehensive Assessment of Long-term Effects of
Reducing Intake of Energy) study, which ran from 2007
to 2015. The goal of the CALERIE study was to test
the hypothesis that two years of sustained 25% caloric
restriction in men age 21-50 and women age 21 -47 can
slow aging and protect against age-related cardiovascular
disease risk, insulin sensitivity and secretion, immune
function, neuroendocrine function, cognition and quality
of life.® Two hundred and thirty-eight volunteers were
enrolled, 220 were randomized, and 218 started the
assigned intervention. The results demonstrated some
of the caloric restriction-dependent effects reported for
mammalian models, such as improving cardiovascular
biomarkers and insulin sensitivity.”® It seems likely that at

least some of the exceptions are due to the more modest
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Restricting Calories Enhances Life Span in Animals
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Figure 1. The benefits of caloric restriction follow a U-shaped curve.
From https://universe-review.ca/|10-69-restriction.jpg
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Figure 2. Proposed benefits from long-term caloric restriction.
From Reference 5.

caloric restriction achieved by participants in the CALERIE
study, compared to the enforced restriction imposed in the
animal studies.”

All Calories Are Not Equal

A standard human diet contains various classes
of macronutrients (carbohydrates, proteins, fats) and
micronutrients (vitamins, minerals). Recent studies
in performed on the macronutrients involved in
caloric restriction indicate that the ratio of protein to
carbohydrates is important.”"" Specifically, Simpson et
al.'"' conclude that enhanced longevity is associated with an
optimum ratio of protein to carbohydrates of about 1:10,
with the protein content of the diet as low as 10%. Within
the category of dietary protein, there is evidence that
reducing the intake of the essential amino acids methionine
and tryptophan, as well as branched chain amino acids,
can delay aging in several animal models.'”"” The typical
American diet consists of 15% protein, 50% carbohydrate
and 35% fat," so even without caloric restriction, this
would entail a 33% reduction in average calories from

protein.
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Better Living Through Geroprotective Chemistry?
Let’s face it: caloric restriction is uncomfortable.
Sure, you get to live longer, but is that really “living?” If
we could take a pill that mimicked the anti-aging effects
of caloric restriction without the discomfort of eating less,
lots of folks would be on board. Not surprisingly, there
is considerable interest in research and development of
caloric restriction mimetics. Also called “geroprotectors,”
these compounds have been shown to prolong lifespan in
model systems, making them candidates for geroprotecting
drugs in humans. Some examples that have attracted recent
attention.

Resveritrol

Resveritrol is a naturally occurring polyphenol and
secondary plant metabolite enriched in peanuts, pistachios,
grapes, red and white wine, blueberries, cranberries, cocoa
and dark chocolate. In cells, resveritrol enhances the activity
of Sirt1, an enzyme that removes acetyl groups from selected
proteins, thereby changing cell metabolism and increasing
mitochondrial function.'* Evidence that resveritrol is
geroprotective comes from a number of model organism
studies, although results have been inconsistent."> Some
human studies showed promising improvements in markers
associated with longevity using controlled dosages of
resveritrol."” However, field studies using dietary resveritrol
are not so promising. For example, a cohort of 283 men
and women over the age of 65 in the Chianti region of Italy
were followed from 1998-2009, and total urinary resveritrol
metabolites and all-cause mortality, as well as markers for
inflammation, were recorded.'® No significant association
was found between total urinary resveritrol metabolites and
inflammatory markers, cardiovascular disease or cancer, nor
were they predictive of all-cause mortality. This suggests
that dietary levels of resveritrol may not have the lifespan-
extending effects in humans that were found in studies of
superdietary levels of resveritrol in laboratory studies of
model organisms."

Rapamycin

Rapamycin was initially isolated as an antibiotic
secreted by the soil bacterium Streptomyces hygroscopicus found
on Easter Island (known locally as Rapa Nui).'” Rapamycin
has long been used clinically as an immunosuppressant to
prevent organ transplant rejection. Several studies found
that rapamycin can extend lifespan in mice.'*** One
report describes the use of rapamycin to improve immune
parameters in aged humans.”” However, adverse metabolic
side effects such as insulin resistance and dyslipidemia
make chronic rapamycin use as a lifespan-extending drug in
humans untenable.?* Alternatives, such as combinations of

14 115:1 | January/February 2018 | Missouri Medicine

low-dose rapamycin with other drugs, as well as rapamycin
analogs that lack the side effects, are the subject of active

research.?>%®

Metformin

The oral drug metformin is a safe frontline therapy for
prevention and treatment of type 2 diabetes. Compared
to alternative anti-diabetics, it is also reported to decrease
cardiovascular disease risk, cancer incidence, and overall
mortality.””** The association of metformin with longevity
has been extensively documented in nematodes™ and rodent
models.”””* In mice, metformin causes similar changes in
liver gene expression profiles as caloric restriction.”’

Can Metformin extend longevity in humans? An
interdisciplinary consortium is currently pursuing a
large-scale clinical trial called the “Targeting Aging with
MEtformin (TAME)” project, sponsored by the American
Federation for Aging Research.’* TAME is a double-blind,
placebo-control study to test whether metformin can delay
the onset of diseases such as cancer, cardiovascular disease
and cognitive decline, as well as delay mortality. If so, it
will catalyze the development of additional drugs aimed
at treating human aging and improving resiliency in older
adults.*

For cancer and HIV drugs, the current approach is
to use combination therapy with multiple drugs that target
different pathways. Among its advantages, combination
therapies can mean reduced dosages compared to using a
single drug. Thus, the future of geroprotectives may lie in
the compounding of several molecules, perhaps tailored to

the specific physiology of each patient.“’

Caloric Restriction vs. Intermittent Fasting

For free-living animals in the wild (including our
ancestors at the time Homo sapiens first appeared),
intermittent aperiodic feeding and fasting based on food
availability is a constant reality. Given the chronic discomfort
that most people experience from caloric restriction,
considerable interest has focused on whether the benefits
associated with chronic caloric restriction can be achieved
through intermittent fasting. Intermittent fasting entails
going for ca. 16-48 hours without energy intake, alternating
with periods of normal feeding.”’

In rodents, lifespan can increase by up to 30% as a
result of a 24-hour fast every other day or twice a week and
can slow or reverse cancer, cardiovascular disease, diabetes,
and neurodegenerative disorders in animal models.***
Reliable data on the effects of intermittent fasting and
longevity in humans would require large numbers of fasting

and matched control individuals followed over several



decades. But somewhat more limited studies using biological
markers of age-related decline have shown promising
results. In a study of 107 overweight or obese women aged
30-45 years, the effects on various biomarkers was compared
for 25% energy restriction over a six month period using
either continuous energy restriction (~6276 kJ/d, 7d/

wk) or intermittent energy restriction (~2710 kJ/d, 2 d/
wk).* Both groups showed similar weight loss, reductions in
C-reactive protein, total and LDL cholesterol, triglycerides,
insulin, insulin resistance and blood pressure, suggesting

that intermittent fasting is an plausible alternative to chronic
caloric restriction in reducing markers of aging. Whether
similar benefits accrue to people with healthy body mass is
still an open question.

Caloric Restriction and Exercise

The typical consequence of caloric restriction is a loss
of lean body mass. Does this imply a loss of robustness as
a necessary consequence? In humans, physical activity has
been shown to lower mortality rates.”** The benefits of
moderate exercise, like the benefits of caloric restriction
or intermittent fasting, are thought to be examples of
“hormesis,” the chronic or intermittent exposure to low-
grade negative stress that leads to long-term enhanced
resilience.”*" As such, the lifespan-extending benefit of
exercise may lie primarily in opposing the negative stress
of obesity and metabolic disorders such as diabetes and
cardiovascular disease. Still, exercise is proven treatment
to reverse or prevent age-dependent muscle wasting.* A
randomized control study of 48 non-obese individuals found
that both caloric restriction and exercise-induced negative
energy balance results in similar and substantial reduction
in risk factors for coronary heart disease.* Interestingly, a
literature survey of 44 observational studies concluded that
there is an inverse linear dose-response relation between
volume of physical activity and all-cause mortality rates in
humans.*’ Thus, like in many things, moderation in the dose
and duration of exercise is likely to provide the optimal
benefit.

Inflammaging

Normally, inflammation is a protective response
our bodies mount to infection and tissue injury. This
response is self-limiting, abating after a period of hours
or days. Dysregulation of inflammation, however, can lead
to pathological conditions. Acute dysregulation of the
inflammatory response can lead to septic shock. Chronic
dysregulation of the normal inflammatory response
during aging, called “inflammaging,” results in a low-grade
inflammatory state that can drive such age-associated
conditions as rheumatoid arthritis, atherosclerosis, asthma
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and various autoimmune syndromes, cancer and Alzheimer
disease.*®

A general decline in immune function accompanies
aging, a phenomenon called immunosenescence.
Immunosensence leads to a general decline in immune
function with a higher risk of infection and of cancer. But
paradoxically, immunosenescence also leads to immune
hyper-responsiveness, with increased risk of autoimmune
and inflammatory diseases.”’

Inflammaging is mediated primarily by small molecules
called cytokines that trigger the recruitment and activation
of immune cells (T cells, B cells, macrophages) to respond
to the infection. Secretion of cytokines is in turn triggered
by the innate immune system. It appears that aging may be
accompanied by age-associated reprogramming of cells of the
adaptive immune system to innate immune responsiveness.so
Age-associated increase in adiposity and the recruitment
of macrophages in inflamed tissues contribute to chronic
insulin resistance and metabolic dysregulation by increasing
levels of pro-inflammatory cytokines.”!

Recent evidence suggests that caloric restriction can
attenuate the cellular markers of inflammaging.”* Although
the mechanisms are still being defined, they may include the
elevation of anti-inflammatory glucocorticoids, reduction
of blood glucose levels (reducing oxidation and oxidative
stress) and activation of the nuclear hormone superfamily of
peroxisome proliferator-activated receptors.*

“Lifespan” vs. “Healthspan”

In the Greek myth of Eos (goddess of the dawn)
and her lover, Tithonus, Eos asks Zeus to grant Tithonus
immortality, but forgets to ask also for eternal youth.
Accordingly, Tithonus ages like all mortals, gradually
shrivelling and shrinking with age and begins to babble
continuously. Eventually he is transformed into a cicada.
None of us wants to spend an extended lifespan shriveling
through those extra years. The goal of geroscience is to
increase “healthspan” as well as lifespan. Healthspan is
the length of time during a person’s life when they are in
optimal health/functional capacity (Figure 3). Put another
way, geroscience seeks to add life to years and not just years
to life. The promise of caloric restriction and intermittent
fasting is a delay in the decline in physical and cognitive
functions that accompany aging. Based on the current
evidence, continued regular exercise should contribute to
improved healthspan.

Conclusion

Taken together, the weight of evidence supports the
conclusion that if you want to increase your lifespan and
maintain good health into old age, watch what you eat and
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Lifespan/Healthspan Extension
Rate of Decline:

Normal Aging

Functional Capacity

Age

Figure 3. The goal of lifespan/healthspan extension is to extend
both the age before death and to maintain functional capacity while
increasing lifespan. This may also be accompanied by a slowing of

the age-related decline in functional capacity.
From Reference 56.
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Figure 4. Hierarchical model for the effects of caloric restriction on

health and longevity.
Modified from Reference 8.

how much of it. Caloric restriction acts through multiple
pathways and mechanisms to attenuate the primary causes
of age-related disease (Figure 4). It remains unclear to what
extent the effects on longevity and healthspan reported for
caloric restriction in humans are due primarily to decreased
caloric intake versus a high quality diet.** However, the

data suggest that reduced caloric intake in humans prior

to the onset of old age improves healthspan®* and delays
cardiovascular aging, one of the main causes of death in

humans.>® Whether there is any longevity benefit for caloric
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restriction begun after the age of 60 is unknown; indeed,
weight loss may increase mortality in this demographic.
The appeal of increasing lifespan through caloric
restriction is balanced by the reality that caloric restriction
is unpleasant; it may or may not extend your life, but it
will certainly make your life feel longer. This ditficulty is
compounded by the fact that in western cultures, three
meals a day with between-meal snacks are a cultural norm.
Extending healthspan is a goal worth striving for, in the face
of habit, discomfort, and peer pressure. With or without
caloric restriction, healthy diet, regular exercise, and positive

social engagement are proven strategies to attain that goal.
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