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Abbreviations: CR, calorie restriction; SIRT, sirtuin; NAD, 
nicotinamide adenine dinucleotide; NADH, nicotinamide adenine 
dinucleotide hydrogenase; DNA, deoxyribonucleic acid; NF, 
necrosis factor; IL, interleukin; PPAR, peroxisome proliferator-
activated receptor; NIA, national institute of aging; ROS, reactive 
oxygen species; IKK, i kappa b kinase; AP, activator protein; PGC, 
peroxisome proliferator-activated receptor gamma cofactor; WNPRC, 
wisconsin national primate research center; IF, intermittent feeding; 
NRIP, nuclear receptor-interacting protein; AMPK, adenosine 
monophosphate-activated protein kinase

Introduction and overview of calorie 
restriction

As early as the 16th century, humans have been fascinated with the 
idea of “the fountain of youth.” Since then, people have made great 
attempts at lengthening their life span, all the while hoping to maintain 
optimal health until expiration. Recent studies have suggested calorie 
restriction (CR) as a possible modality to delay or prevent the onset 
of many aging-related conditions with increased longevity and 
health span. CR is characterized by a 10-40% reduction in intake of 
a nutrient-rich diet. This restricted diet has been used extensively to 
research the effects intake has on longevity of life as well as health 
span. For the purposes of this paper, the term “health span” is used 
to characterize the duration of time in which a participant undergoing 
CR is of adequate or optimal health. 

To date, there is a gamut of literature available investigating the 
effect CR has on overall health. As most of these are animal studies, 
it can be understood that the anatomical and physiological similarities 
between humans and non-human primates make the latter suited to 
provide insight into human aging; however, significant outcomes 
have been discovered from rat studies. The mechanisms behind the 
action of CR are numerous, including nutrient-responsive signaling 
molecules; effects on genes, hormones and neurons; and the reduction 
of reactive oxidative species, therefore decreasing inflammation and 

the onset or progression of chronic diseases associated with aging. In 
this review of current research, we will examine the significant effects 
of CR on longevity of life and health span in human as well as animal 
studies. 

The relationship with SIRT-1

SIRT-1, known as sir2 in animal studies, is a protein that in 
humans is encoded by the SIRT-1 gene and is also a NAD-dependent 
deacetylase.1 Sir 2 has been shown to have NAD-dependent histone 
deacetylase activity, which contributes to cellular regulation and 
reaction to stressors; and therefore, longevity.2,3 Therefore, sir2 has 
been suggested to connect cellular energetics to lifespan via NAD 
which is used in metabolic reactions. In CR SIRT-1, increases 
which is related to a cascade of antithrombotic effects, DNA repair, 
genomic stability, apoptosis, growth and differentiation, inflammatory 
inhibition and glucose/insulin homeostasis. By seemingly attenuating 
the effects of metabolic syndrome, this increase in SIRT-1 can promote 
the delay in onset and progression of chronic diseases associated with 
this condition such as diabetes, cardiovascular disease, myocardial 
infarction, stroke and renal failure.3,4 

Additionally, CR was associated with Sir2 via an alteration in the 
NAD/NADH ratio and changes in respiration activity. In Lin SJ et al.,5 
Sir2 was required to increase respiration, which led to an increased 
need of Sir2; this activity was concluded to have a connection to 
longevity by amplifying overall Sir2 activity.5

Furthermore, CR was shown to attenuate the up regulation of 
nuclear factor (NF)-kB57, a transcription factor that induces expression 
of tumor necrosis factor in white adipose tissue (used for fat storage 
in humans) and the production of pro-inflammatory cytokines such as 
interleukins IL-1, IL-2 and IL-6 in immune cells. Regarding this, SIRT-
1 was shown to down regulate (NF)-kB;59 creating the speculation that 
increased levels of SIRT-1 from CR may result in insulin sensitivity 
and reduction in inflammation. White adipose tissue is regulated by 
peroxisome proliferator-activated receptor ((PPAR)y); specifically, 
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Abstract

Calorie Restriction (CR) is a defined intervention tool currently being studied as 
an effort to achieve numerous health benefits and increase longevity. Currently, 
there is a large body of research that indicates a multitude of health benefits and 
positive associations; however, there is also a plethora of opposing research. Through 
investigation of epigenetics, the efficacy of calorie restriction is being examined 
to provide insight into its potential benefits. The alterations to metabolic pathways 
may also reveal a reduction in inflammation and oxidative stress, markers of aging-
related disease. In addition, both animal and human studies take a closer look at the 
effects of calorie restriction on preservation of mitochondria and reduction of chronic 
disease. The idea of amelioration of these symptoms is extremely attractive; a body 
of literature suggests the possibility of mimicking the potential effects without calorie 
restriction at all. Regardless, as this new topic emerges, researchers’ conclusions come 
closer and closer to making clinical recommendations. 
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the a P2 gene encodes a protein to assist with fat storage. In Picard 
F et al, SIRT-1 downregulated this activation in mice during a period 
of slight starvation (similar to the effects of CR); this promoted fat 
mobilization into the blood. Thus, this suppression of adipogenesis 
may alter the hormonal levels linked to aging.6,7

SIRT-1 may play a role in preservation of neuronal integrity. In 
animal studies, CR was found to have an effect against degeneration 
of neurons associated with Huntington’s disease, Alzheimer’s 
disease, Parkinson’s disease and stroke. It was also reported that CR 
stimulated neurogenesis and synaptic plasticity, which might increase 
the ability of the brain to resist cognitive decline.8 A recent report from 
Bordone et al.,3 discussed the apparent need of SIRT-1 to achieve a 
neuroprotective effect. The mechanism of this is still unknown, but it 
is suggested that the subsequent activation of genes encode proteins, 
which move down axons, protecting them.3 

Calorie restriction and oxidative stress

Aging is accompanied by changes in gene expression involved 
with oxidative stress, which may be mitigated by CR. Free radicals, 
known as reactive oxygen species (ROS), are a highly reactive 
species that contain an unpaired electron on the cellular level causing 
oxidative stress. There are several causes of development of free 
radicals including lack of antioxidant intake (vitamins A, C, E) and 
environmental factors, among others; there is also association with 
the development of advanced glycation end products, which lead to 
a cascade of age related conditions including diabetes, cardiovascular 
disease, cataracts, stroke, kidney disease and liver failure.9,10 
Additionally, unpaired electrons that leak out of the electron transport 
chain can cause ROS development. This can lead to damage in lipids, 
protein and DNA; generation of ROS is associated with increased 
incidence of atherosclerosis, rheumatoid arthritis, neurodegenerative 
disorders and cancer.11,12 

As discussed earlier, CR has been studied to suppress pro-
inflammatory cytokine production. In maintaining this well-balanced 
redox state, CR has been found to suppress oxidative stress through two 
important mechanisms. It has been established that inhibition of NF-
kB reduces inflammation, but also has an association with mitigation 
of oxidative stress. The phosphorylation of IKK during aging degrades 
proteins (including IkB) that enable NF-kB’s binding activity to also 
increase. CR has been shown to suppress this key enzyme [IKK], 
which in turn upregulates IkB and thus mitigates activation of NF-
kB. In this, IKK was associated with an increase in ROS, though the 
underlying mechanism is still unknown. Furthermore, upregulation 
of transcription factor AP-1 has mechanisms related to inflammation 
similar to NF-kB; its regulation derives from gene transcription 
levels.13 CR was found to prevent activation of this protein in rats 
through inhibition of phosphorylation of regulatory factors.13 Because 
of the association between the inappropriate activation of pro-
oxidative NF-kB and AP-1 with age-related diseases, it is integral to 
inhibit these processes in order to increase likelihood of longevity.

Since the mitochondria are the site where most oxidative stress in 
the form of ROS exists, it is important to take a closer look at how CR 
affects this key region in the cell.14 Mitochondrial dysfunction increases 
with age; it can implicate the process in which a plethora of diseases 
develop: cataracts, diabetes, obesity, inflammation, hypertension, 
atherosclerosis, Parkinson’s disease, Alzheimer’s disease, nervous 
system ischemia, sarcopenia, chronic fatigue syndrome and Fanconi’s 
syndrome.15 Because respiratory activity (mitochondrial biosynthesis) 
enhances cell longevity, this process plays a major role in the lifespan 

of an organism. Mitochondrial dysfunction can develop from 
nonfunctional complexes from within the electron transport chain 
(namely age-related downfall of complex IV), DNA damage and/or 
the accumulation of nonfunctional proteins resulting from ROS.15,16 In 
CR animals, it has been demonstrated that even a short duration of two 
weeks had a significant effect in improved mitochondrial function.17 A 
suggested explanation of this could be the correlation of CR alteration 
with mitochondrial membrane fatty acid composition, which 
increases functionality. In expression and activation of transcription 
factor PGC-1α leads to increased mitochondrial mass and biogenesis 
through a variety of mechanisms; in addition, this expression is shown 
to be maintained with aging (Figure 1).18,19

Figure 1 portrays the many roles of CR on improved mitochondrial function.

Because of the innate complications associated with long term 
randomized human trials and CR including lack of dietary compliance 
and required length of study duration for participants, there are few 
well designed human trials that exist to date associating CR and 
longevity. However, in one randomized controlled human trial, 
known as the CALERIE study, the duration was six months. This 
study selected and randomized 48 overweight (BMI 25-30) human 
participants aged over 50years (men) and over 45years (women) 
into four intervention groups for a six month period: 1) control, 2) 
25% calorie restriction, 3) 12.5% calorie restriction plus exercise, 4) 
very-low calorie diet (890 kcal per day) until 15% weight reduction 
was reached followed by a weight maintenance diet. In this study, 
meals were provided, weekly group meetings were initiated and an 
exercise regimen was quantified. The study aimed to measure weight, 
body fat and total energy expenditure via doubly labeled water, 
indirect calorimetry and metabolic chamber. In addition, participants 
underwent numerous metabolic tests during a 5-day inpatient stay at 
the research center using fasting blood samples. 

The study concluded that weight decreased in all groups: 1) -1.0, 
2) -10.4%, 3) -10.0%, 4) -13.9% (p<.001). Fat mass was significantly 
reduced in all intervention groups compared to controls: (2) -24%, 
(3) -25.0%, (4) -32.0% (p<.001). Measured and adjusted 24-hour 
energy expenditure significantly reduced in all intervention groups 
(p<.01). Fasting insulin levels were significantly reduced in all 
intervention groups by month 6 (p<.01). DNA damage was reduced 
in all intervention groups by month 6: (2) -0.56 AU, (3) -0.45 AU, (4) 
-0.35 AU (p<.005). The CALERIE study is integral to begin the path 
to discovering the real association between effects of CR on health 
span and oxidative stress in humans.20 CR-induced hypoinsulinemia 
has been found to block phosphorylation of a major age-related 
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transcription factor (FOXO1) that regulates NF-kB translocation 
through activation of age-associated kinases.21,22 The downregulation 
of this pathway may lead to profound increases in longevity alone.23 
The attenuation of DNA fragmentation not only indicates reduced 
DNA damage, but also reduced oxidative stress during this short 
stint of CR in this group of participants.20 However, due to the short 
duration of this study, it may not be adequate to validate the hypothesis 
that CR extends life span. It can also be conjectured that CR may 
stimulate ghrelin levels, resulting in suppression of leptin, increased 
hunger drive and food consumption rebound.24 

Effect of calorie restriction on chronic disease risk

Though the CALERIE study yielded observations that indicated 
a reduction in characteristics associated with chronic disease risk, 
the short duration of the study limits the definitiveness of this 
correlation. The attenuation of chronic disease risk is integral to 
increased longevity and health span; to date, the associations found 
between chronic disease indicators and CR have been promising yet 
controversial. 

In a compelling study, Colman and associates performed a 20-
year longitudinal epidemiological study on rhesus monkeys and CR. 
This study assessed mortality, age-related survival and incidence 
of disease. In their analysis of 76 animals, it concluded that 37% 
of controls died of age-related causes compared to 13% of the CR 
group. The intervention group (CR) was significant for increasing 
survival with Cox regression (p=.03) with HR 3.0; this indicated 
that the control group had three times the rate of death compared to 
the intervention group. The incidence of chronic diseases including 
cancer, cardiovascular disease and glucoregulatory impairment 
were decreased in the CR group compared to controls (Figure 2). 
Regarding these conditions, incidence of cancer was reduced by 50%, 
incidence of cardiovascular disease was reduced by 50% and there 
was no incidence of diabetes in the CR group. Age-related disease 
reduction was statistically significant (p=.008) and more likely to 
occur in controls than the intervention group. 

Figure 2 Percentage of animals without age related disease.

Furthermore, age-related sarcopenia was attenuated in CR animals 
and confirmed via XR absorptiometry. This intervention group 
also appeared to be younger (Figure 3). The study determined that 
CR significantly altered the aging effect in the intervention group 
and further promoted survival of this species by preservation of 
gray matter, cortex and lobe volume within the brain. Results of 
cardiovascular aging were supported by human studies on long-term 
CR who showed reduced risk.25 

In a similar study from the National Institute of Aging (NIA) 
in coalition with the Wisconsin National Primate Research Center 
(WNPRC), the impact of CR on rhesus monkeys was examined for 
over 20years in order to document any potential health effects. The 

study included approximately 60 males and 60 females’ ages 15-
20 and 20-25years (grouped “young” and “old”) with a maximum 
lifespan in captivity of approximately 40years. Study design was 
similar to the Colman and associates report, however this study 
continues past 2012. At the time of this article, four CR monkeys 
and one control have lived beyond 40years. However, old-onset CR 
monkeys did not live significantly longer than controls. CR has not 
increased mean or maximum lifespan compared to controls. Males did 
live significantly longer than females (p=.0003), but neither benefited 
from CR. Furthermore, CR was found to be associated with reduction 
in triglycerides (p=.026), cholesterol (p=.02) and fasting glucose 
(p=.04) compared to controls. In addition to these findings, plasma-
free isoprostane (an indicator of oxidative stress) was significantly 
higher in control than CR monkeys (p=.009). However, decreased 
immune function was found in CR monkeys over controls. The study 
concludes that although CR is associated with several improved 
metabolic, cardiovascular and inflammatory markers, there was no 
link to longevity.26 

Figure 3 Animal appearance in old age (A and B) photographs of a typical 
control animal at 27.6years of age (about the average life span). C and D 
photographs of an age-matched animal on CR.

Calorie restriction mimetics

Because CR in humans is a life-long commitment that may result 
in reduced compliance upon extended durations, several studies exist 
investigating the efficacy of singular strategies created naturally by 
the effects of CR in an effort to mimic the benefits without caloric 
restriction.27

Intermittent feeding (IF) is a pattern of eating easily described by 
providing food ad libitum but only every other day. In an animal study, 
this process of intermittent fasting resulted in more chow consumed 
per day with benefits related to longevity and health span similar to 
CR. However, this benefit was concluded to be associated with fewer 
calories provided overall and not necessarily the feeding pattern.28 
Despite the fact that this process can result in weight loss, there is 
no realistic method of recommending this as an effective strategy in 
humans. Additionally, IF and CR have both been linked to abnormally 
high intake once food has been offered due to a state of acute and 
chronic hunger.29,30 This argument is one that stresses the importance 
of a nutrient-rich diet when undergoing a CR regimen. 
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Another mimetic considered is liposuction. This technique does 
not deliver the same effect as CR in reducing white adipose tissue and 
may cause further detriment by allowing for enlargement of remaining 
fat cells;31 however, in rat studies, surgical removal of visceral fat 
resulted in significant health and longevity benefits independent of 
CR due to reduction of fat depots associated with increased morbidity 
and mortality.32 

Resveratrol is a popular polyphenol found in red grapes, peanuts 
and blueberries.33 Its association with the benefits of CRis correlated 
with a subsequent increase in activity of PGC-1α, which can increase 
mitochondrial mass and biogenesis in liver, muscle and brain.34,35 
This increase in PGC-1α is through administration of SRT1720, an 
analog of resveratrol 1000times stronger than the polyphenol itself. 
An analysis comparing gene expression from CR versus induction via 
resveratrol analog SRT1720 was comparable, significantly shifting 
in the same direction. Furthermore, analysis indicated attenuation of 
PPAR as well as NRIP1 (an inhibitor of PGC-1α) both from the same 
mechanism of action.36 On the other hand, there is a lack of studies 
that suggest any further significant benefit of resveratrol similar to 
that of CR including but not limited to: weight loss, glucose/insulin 
homeostasis and reduction of chronic disease risk. 

Metformin is an oral hypoglycemic agent used in the treatment 
of diabetes to decrease hepatic glucose production and potentiate 
the effect of insulin.37 In this, the risk of glucotoxic effects such as 
glycosylation and oxidative damage are reduced. The correlations 
between metformin and CR include expression of glycolytic 
genes, reduction of ROS generation and oxidative accumulation 
and activation of AMPK (involved in PGC-1α regulation).38,39 
Interestingly, metformin compromises production of ATP, which 
results in inhibition of a mitochondrial complex; this inhibition is a 
known cause of oxidative damage.40,41 Furthermore, AMPK is part 
of a larger regulatory pathway and but one of the external signals 
involved in PGC-1α regulation. It alone cannot be determined to have 
all of the benefits associated with CR; additionally, AMPK is found to 
increase PGC-1α and PPAR under starvation conditions.36

Discussion
The research behind calorie restriction and its impact on longevity 

and health span are numerous and controversial. The majority of 
current research indicates a positive correlation with CR resulting in 
alterations in epigenetic markers, decrease in oxidative stress through 
ROS and reduction in chronic disease risk and metabolic syndrome. 
Animal and human studies have suggested significant changes in all 
of these areas; however, additional human research needs to take place 
in order to truly examine the efficacy of CR on reduction of DNA 
damage and its correlation with longevity related biomarkers. Despite 
the evident promise of beneficial clinical outcomes, human studies are 
limited and of short duration; thus, it is impossible to conclude such 
benefits in a human population. Furthermore, options being explored 
to mimic the effects of CR are numerous and are far more enticing 
to the general public than CR. As further human studies with longer 
durations arise, it will be interesting to see the conclusions that are 
formed and what clinical recommendations are formulated. 

Conclusion/Clinical implications
At this time, there are limited to no clinical implications that can 

be drawn from the current body of research. Modest calorie intake and 
weight loss are already well-established clinical recommendations 
used to promote health and reduce chronic disease risk; however, the 

intentional reduction of caloric intake is not adequately well founded 
to provide the basis for public health or personal recommendations. 
Investigating the efficacy of CR on non-overweight individuals or 
those who are morbidly obese has not yet been seen. In addition, 
research of CR in populations where longevity and health span are 
of utmost concern, namely the elderly, is non-existent. Weight loss 
in elderly individuals of healthy weight may be indicated as harmful, 
especially in those who are frail or suffer from sarcopenia. In this case, 
the risks may outweigh the potential benefits. Thus, further human 
studies need to be conducted before any clinical or public health 
recommendations can be determined. 
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