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ABSTRACT 

Calorie restriction (CR) is as close to a real fountain of youth as any known technique is. Caloric restriction known to 
extend the human lifespan by up to five years has quietly become accepted among leading researchers. Even scientists 
who are cautious about anti-aging hype say it works. The formula is simple: Eat less. It could add years to your life. In 
the context of health and longevity, I analyzed data documenting proofs which suggest that the caloric restriction ex- 
tends life span and retards age-related chronic diseases in a variety of species, including rats, mice, fish, flies, worms, 
and yeast as well as improve biomarkers of aging in humans. Research has shown that not only does it result in a longer 
lifespan, but it also lowers blood pressure, oxidative damage, cardiovascular disease, modifies insulin sensitivity, re- 
duces loss of central nervous system cells, strengthens the immune system, lowers cholesterol, diminishes the rate of 
heart disease, reduces muscle oxygen loss, improves muscle function, reduces free radical damage to body tissue and 
helps stabilize blood sugar in adult-onset diabetes. Caloric restriction the most widely recognized life span-extending 
intervention has shown that it does indeed have age-slowing effects in humans like it has been shown to work in ani- 
mals and Dr. Fontana has already made medical history in studying anti aging effects of caloric restriction. 
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1. Introduction 

As we grow old our mind and body gradually degrade, 
losing the vigor and resulting in a wide range of effects. 
Memory is weakened, motor skills decline, bones be- 
come brittle, and skin loses elasticity and leads to in- 
creased susceptibility to infection and disease partly be- 
cause of the decline of the immune system. 

There has been a search throughout human history for 
key to eternal life and numerous researches have been 
done in an attempt to extend life. The age-old quest for 
the antidote to aging has moved into scientific labs. Eve- 
ryone seems now concerned about the quality and safety 
of life besieged by pollution, indifferent foods and sed- 
entary living. No one seems to have an answer as to how 
best one can lead a good quality life with extended lon- 
gevity. 

Medical science is making significant progress in un- 
derstanding the riddle of what happens when we age— 
and evaluating techniques, which can slow or even re- 
verse the process. Today, evidence is accumulating that 
to live longer is to eat less. 

Hundreds of scientific research studies clearly prove 
that modest interventions in diet, exercise, and nutrition 
and single-gene modulation in the laboratory setting 

beneficially and significantly improve health in old age 
and prolong life. 

The idea of lowering food intake is not a new one. 
Several religions like Islamic Ramadan, the three prince- 
pal fasting periods of Greek Orthodox Christianity and 
the Biblical-based Daniel Fast advocate food restrictions 
[1]. These religious fastings on which scholarly research 
has been performed have noted favorable changes in 
biomarkers of good quality of life and longevity. Re- 
searchers also confirm now that one of the important 
techniques to prolong life is by caloric restriction as seen 
in variety of organisms, including yeast, insects, rats, 
mice, and monkeys. 

2. Caloric Restriction (CR) 

The basic idea of CR is that you can live much longer if 
you design a diet for yourself which is low in calories, 
but provides all of the necessary nutrition. Calorie re- 
striction with Optimum nutrition (CRON), also called the 
Longevity Diet, has the potential to increase the average 
and maximum life span by under nutrition but without 
malnutrition. Optimum Nutrition consists of eating the 
right amounts of nutrients on a proper schedule to 
achieve the best performance and good health. Calorie 
restriction is a feature of several dietary regimens, in- *Corresponding author. 
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cluding the Okinawa diet [2,3] and the CRON-diet. 
Whereas CR is a reduction of caloric intake, Dietary 

Restriction (DR) is a specific reduction/manipulation in 
nutrient intake. DR need not necessarily result in CR, 
because the reduced intake of a particular nutrient (typi- 
cally a macronutrient) may be offset by an increased in- 
take of one or more other nutrients. Some researchers 
estimate that energy consumption must be reduced by a 
minimum of 20% - 25% in order to beget any life-ex- 
tending benefits from a CR regimen [4-6]. 

Louis Caranaro’s 16th century best-selling anti-aging 
book suggested that longevity would come to those who 
ate only enough to sustain life. Two centuries later Ben- 
jamin Franklin supported the concept of abstinence as a 
defense against disease. 

It was the work of McCay in the 1930 that first dem- 
onstrated that reducing calories could extend the mean 
and maximum lifespan of laboratory rats by 40% or more 
[7]. 

McCay CM, et al., discovered that reducing the 
amount of calories fed to rodents nearly doubled their 
lifespan. The life extension was varied for each species 
but on average, there was a 30% - 40% increase in life- 
span in both mice and rats. 

Research in 2003 by Mair et al., showed that calorie 
restriction extends the life of fruit flies of any age with 
instantaneous effects on death rates [8]. 

Results from the ongoing calorie-restriction studies in 
monkeys also suggest that the mortality rate in calorie- 
restricted animals will be lower than that in control sub- 
jects [9]. Furthermore, calorie-restricted monkeys have 
lower body temperatures and insulin concentrations than 
do control monkeys and both of these variables are bio- 
markers for longevity. 

Calorie-restricted monkeys also have higher concen- 
trations of dehydroepiandrosterone sulfate. The impor- 
tance of dehydroepiandrosterone sulfate is not yet known, 
but it is suspected to be a marker of longevity in humans 
[10], although this is not observed consistently. 

Results published in 2009 showed that caloric restrict- 
tion in rhesus monkeys blunts aging and significantly 
delays the onset of age related disorders such as cancer, 
diabetes, cardiovascular disease and brain atrophy. 80% 
of the calorically restricted monkeys were still alive, 
compared to only half of the controls [11]. 

The relevance of CR life span prolonging effects for 
primates was explored in a 20-year longitudinal adult- 
onset CR study in rhesus monkeys. The animals’ baseline 
intake of calories was reduced progressively by 10% per 
month to a final 30% reduction that was maintained for 
the duration of the experiment. The effect of CR, com- 
pared to control, was evaluated by comparing the delay 
in mortality and the onset of some age-associated condi- 
tions most prevalent in humans (e.g. diabetes, cancer, 

cardiovascular disease, and brain atrophy). The conclu- 
sions of the study were that CR lowered the incidence of 
aging-related deaths (50% in control fed animals versus 
20% in CR-fed animals) and also lowered the incidence 
of diabetes, cancer, cardiovascular disease, and brain 
atrophy [12]. 

Ideally, CR should be started after the body has ma- 
tured and stopped growing because low calorie diets may 
stunt growth even when the diet contains all essential 
nutrients. It is also not advisable to practice CR during 
pregnancy or illness, as at these times the body needs 
adequate nutrition for the proper formation of a fetus or 
to fight disease. 

Adult-onset CR works best when it is imposed slowly 
to allow the body to adjust. The calories should be re- 
duced gradually during a period of two or three years, 
rather than suddenly. 

The chances of survival are increased just by main- 
taining a lean body. Experiments with rhesus monkeys 
have shown that those restricted to keep their body fat at 
approximately 17 to 24 percent had a 2.6 lower risk of 
death than non-restricted monkeys [13]. 

In one study, rats and mice ate a low-calorie diet or 
were deprived of food for 24 hours every other day. [14] 
This methods improved glucose metabolism, increased 
insulin sensitivity, and increased stress resistance. Re- 
searchers have long been aware that calorie restriction 
extends lifespan, but this study showed that improved 
glucose metabolism also protects neurons in experiment- 
tal models of Parkinson’s and stroke. 

Thus CR has been proved consistently in species as 
diverse as fruit flies [15], guppies [16], and dogs [17], to 
increase longevity. Also, CR reduces the morbidity 
caused by diseases, including autoimmune diseases, 
atherosclerosis, cardiomyopathies, cancer, diabetes, renal 
diseases, neurodegenerative diseases, and respiratory 
diseases. 

It is not so easy to definitively answer whether or not 
CR prolongs human life because of the ethical and logis- 
tical limitations of research design. Most human CR 
studies measure biomarkers correlated with longevity. 
Collectively, these studies have noted favorable changes 
in multifarious biomarkers, particularly those related to 
cardiovascular and glucoregulatory function in humans. 

Most animal CR studies begin the restriction of calories 
during the weaning phase and continue throughout the 
subject’s lifespan. Obviously, no human study has ever 
initiated CR that early or for that long a duration. Instead, 
CR is typically instituted for a period of 6 - 12 months 
[18]. However, a few studies have examined CR for 2 
years [19], ~6 years [20,21], and longer in humans [22]. 

The majority of work has been conducted on healthy, 
middle aged, non-obese (normal or overweight) men and 
women, with a significant amount of investigations util- 
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izing data obtained from the CALERIE (Comprehensive 
Assessment of Long Term Effects of Reducing Caloric 
Intake) program [23,24].This program was initiated by 
the National Institute on Aging to investigate the adap- 
tive responses of CR on free-living humans [25,26]. 

In addition to the CALERIE program, another investi- 
gation of importance, Biosphere 2, contained eight sub- 
jects aged from 27 - 67 years [27]. These subjects lived 
in an enclosed ~3 acre “ecological mini-world” for two 
years. Food intake was subnormal due to the inability to 
grow enough food for ad libitum consumption; hence, 
subjects followed a CR plan by default. Aside from nor- 
mal weight men and women, investigations involving CR 
has also included obese, diabetic, young, and elderly in- 
dividuals [28-31]. 

Numerous such above studies have found that CR im- 
proves cardiovascular and glucoregulatory health in hu- 
mans. Specifically, CR may reduce the risk of cardio- 
vascular disease by lowering total cholesterol, triglyc- 
erides, blood pressure, and carotid intima-media thick- 
ness [32,33]. 

CR also has been shown to attenuate the age-related 
decline in diastolic function in humans. Glucoregulatory 
health, circulating insulin and glucose levels decrease in 
humans—while insulin sensitivity increases—following 
a period of CR [34-37]. 

CR has also been shown to attenuate oxidative stress 
in humans [38] a condition thought to contribute to aging 
and disease. In addition, enhanced verbal memory per- 
formance has been reported in elderly individuals on a 
CR regimen as assessed by the Rey Auditory Verbal 
Learning Task [39]. 

3. Conclusions 

Caloric restriction has been the subject of intense re- 
search that has begun to bear the fruit, steady stream of 
these studies are now revealing that the rate of aging is 
plastic and not fixed, and that it can be manipulated. We 
now know by above studies that caloric restricted ani- 
mals have a longer life expectancy than average. The 
goal is not just to make people live longer but to see 
eventually that an 80-year-old feels like a 50-year-old. 

The calorie restriction (CR) is now the most widely 
recognized life span-extending intervention in all varie- 
ties of animals, including various mammalian species. 
Such studies facilitate the development of novel ap- 
proaches to extend the lifespan of humans. Plenty of 
evidence has been provided by such studies that show it 
can reduce your risks for many common diseases includ- 
ing cancer, diabetes and heart disease. 

Caloric restriction suggests ways to not just make us 
live longer, but to allow us to age more gracefully, 
healthwise. Perhaps even more promising, though in 
early stages of research, are drugs designed on the basis 

of what’s been learned from calorie-restriction studies 
and that day is not too far when anti-aging pill will be the 
next big blockbuster so that appointments with death are 
postponed. 
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