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t may be just a dot in the Pacific Ocean, but
the Japanese island of Okinawa has long
held a fascination for researchers into age-
ing. Its inhabitants include an unusually

high number of centenarians, and fewer of its
people die from diseases of old age such as
cancer and stroke. Some have suggested the
islanders’ secret is their frugal diet. Now scien-
tists are attempting to put this idea to the test
— and are even developing drugs that they
hope will produce the same effect. Could the
path to a long and healthy life really be as easy
as swallowing a tablet?

The issue divides researchers. Calorie
restriction, or cutting energy intake below
energy expenditure, can slow ageing, reduce
mortality, and extend maximum lifespan in
rats, mice, fish, flies, worms and yeast. But to
date, the only evidence that it works in
humans is anecdotal. A 1978 study of inhabi-
tants of Okinawa1 showed that energy intake
among adults was roughly 80% of the Japanese
average. Some researchers have held this up as
evidence that restricting diet reduces age-
related diseases and extends longevity. But
gerontologist Sataro Goto of Toho University

in Chiba, Japan, points out that Japanese peo-
ple have a daily energy intake nearly 20% less
than the average of developed countries, and
that the mean life-expectancy of Japanese
women is 85 years — not significantly more
than that of women in all developed countries.

Hungry for life
This hasn’t stopped thousands of people all over
the world intentionally going hungry in the
hope of living longer and healthier. But no one
yet knows if their punishing lifestyle will pay off.
So an experiment designed to find out is being
watched closely by researchers into ageing.

The CALERIE (Comprehensive Assessment
of Long-term Effects of Reducing Intake of
Energy) study, sponsored by the US National
Institute on Aging (NIA), published the out-
come of its first phase in April2. Forty-eight
men and women were randomly assigned to
diets that would either maintain their weight,
or reduce their calorie intake by up to 25%
below the level required to maintain their
weight. After six months, those on restricted
diets showed lower body temperature and lev-
els of insulin in their blood when they had not

had a meal, both characteristics of long-lived
people and animals. This slowing of the
metabolism explains why people on calorie-
restricted diets don’t starve to death: their
body’s energy requirements drop to meet the
number of calories in their diet.

CALERIE is a departure in this hype-
infested field, because the volunteers are of
normal weight or slightly overweight, but not
obese. Most studies so far have used obese
individuals, muddying the waters with the
health benefits of reducing obesity. The sec-
ond phase of the study will begin this sum-
mer, observing 200 subjects over two years.
But according to one of the present study’s
authors, physiologist Eric Ravussin of the
Pennington Biomedical Research Center in
Baton Rouge, Louisiana, there are already
hints that calorie restriction affects ageing
processes in cells.

Participants on restricted diets lost weight
exponentially, and were still losing weight after
six months. They had reduced insulin resis-
tance and reduced levels of low-density
lipoprotein cholesterol, high levels of which
are risk factors for type 2 diabetes and heart

Reducing your calorie intake makes you live longer — if you’re a rat or a worm. Laura Spinney asks
whether the same holds for humans — and if it does, whether the benefits could be put in a pill.
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disease, respectively. The researchers also
measured significantly reduced damage to
volunteers’ DNA. “We asked if there is a meta-
bolic adaptation over and above what is
expected due to the weight loss,” says
Ravussin, “and the answer is yes, there is.”

He says the findings are consistent with the
theory that calorie restriction reduces meta-
bolic rate and lowers the production of harm-
ful molecules called reactive oxygen species,
also known as free radicals. These strip elec-
trons from other molecules in the body; this is
thought to harm cells and contribute to ageing.
This metabolic change, Ravussin believes,
could be what causes calorie-restricted
rodents to live up to 40% longer than their
unrestricted counterparts.

Clearly it will be a long wait before the
CALERIE study reveals a similar effect in
humans, if it ever does. Meanwhile, the research
community is divided over whether calorie
restriction will extend lifespan in humans.

The most recent online edition of the jour-
nal Biogerontology asked a number of experts
to address this question3, in response to a new
theory of longevity championed by mathe-
matical biologist Lloyd Demetrius of Harvard
University. Demetrius argues that the main
factor determining lifespan is not the rate of
free-radical production, but the cells’ ability to
resist short-term fluctuations in critical
metabolites caused by environmental stresses,
so protecting those cells from damage.

Long haul
Demetrius believes this is determined by a
creature’s evolutionary history. Rodents are
opportunistic species that experience periods
of plenty punctuated by periods of scarcity.
When there is lots of food they reproduce like
crazy; when there isn’t, they sit tight. They
reach sexual maturity early, have a narrow
reproductive window and large litters.
Humans, and larger-bodied animals in gen-
eral, mature late, have fewer offspring and a
wider reproductive window. They are more
able to move from resource-poor regions to
resource-rich ones, and are more stable in the
face of environmental perturbations4.

Demetrius’s theory predicts that calorie
restriction would extend lifespan in oppor-
tunistic species, giving them a chance to breed
once conditions improve, but barely affect
lifespan in more stable species. Some evidence
supports this. As Linda Partridge of University
College London’s Centre for Research on Age-
ing notes: “Extension of lifespan by dietary
restriction has been seen particularly clearly in
animals with high reproductive rates —
rodents, worms, flies.” In contrast, experi-
ments in rhesus monkeys have yet to show that
calorie restriction increases lifespan5.

Believers in calorie restriction claim this is a
methodological problem: monkeys live longer
than rats, so the experiments take longer. Stud-
ies with rhesus monkeys begun in the United
States in the late 1980s will not produce robust

data for another 25 years, and human studies
such as CALERIE will take even longer. In the
meantime, they argue, the data from studies
such as CALERIE support the idea that it
could indeed work in people. 

Such optimism means that the development
of drugs aiming to mimic calorie restriction is
well advanced, with some compounds already
in clinical trials6. These drugs are designed to
slow ageing and possibly extend life by trigger-
ing metabolic adaptation without the need for
semi-starvation. Whether or not calorie
restriction increases longevity, it does seem to
ward off certain age-related diseases. For
example, epidemiological studies have shown
that low-calorie diets are associated with lower
incidences of age-related ailments such as can-
cer and neurodegenerative diseases7.

The field grew out of a change in thinking
about ageing. Until about 15 years ago, ageing
was thought to be an unregulated process
resulting from the accumulation of cellular
damage. Then genetic studies, particularly in
the nematode worm Caenorhabditis elegans,
showed that manipulating single genes could
increase or decrease lifespan dramatically8.
Later, lifespan-extending mutations were
found in other organisms, including the fruit-
fly Drosophila and rodents.

Many genes have been identified that are
thought to play a part in determining lifespan,
such as those involved in insulin signalling
and stress resistance. One family of enzymes
currently in the limelight is the sirtuins. The
gene SIR2, after which the family is named,
was one of the first longevity genes to be iden-
tified. Species from yeast to humans carry
variants of it, and extra copies increase lifespan
in yeast, worms and flies9.

Sirtuin something
Nobody knows how sirtuins might extend
lifespan, but David Sinclair, who studies age-
ing at Harvard Medical School in Boston
believes that they stabilize DNA and counter-
act the reduced fidelity of DNA-copying
mechanisms in old cells. The Sir2 protein
seems to work with a small molecule called
NAD, which is involved in metabolism9, so the
two together potentially explain the associa-
tion between calorie restriction and ageing.

In 2003, Sinclair’s team described 19 plant-
derived molecules that activate sirtuins in
yeast10. One of these, resveratrol, found in
grape skins, has been reported to have anti-
cancer and neuroprotective effects. The chem-
ical’s presence in wine has been touted as the
explanation of the ‘French paradox’ — the low
incidence of heart disease in southern Europe,
despite a fatty diet. Sinclair and others believe
it may also extend life.

Working with Rafael de Cabo, Donald
Ingram and others at the NIA’s Laboratory of
Experimental Gerontology in Baltimore, Sin-
clair is studying the effects of resveratrol in
non-obese mice. The study’s results are not yet
published, but de Cabo claims they look
promising. There is already published evi-
dence that resveratrol extends life in another
vertebrate. In February this year, Alessandro
Cellerino and his colleagues at the Scuola Nor-
male Superiore in Pisa, Italy, revealed that the
chemical not only extends the maximum life-
span of a short-lived fish called Notho-
branchius furzeri by 60%, but also seems to
protect the fish from neurodegeneration11.

Cynthia Kenyon, a researcher in ageing at the
University of California, San Francisco, is “very
impressed” with the resveratrol results, but, she
points out, there is confusion over what it actu-
ally does. “In animals, at least in some cases, it
looks like the effects you see are dependent on
Sir2,” she says. On the other hand, she says,
resveratrol has so far shown no effect on Sir2
function in human cells in culture. This makes

Longevity island: Oto Yara, one of Okinawa’s
unusually large number of centenarians.

Weighty issue: separating the benefits of calorie
restriction from the dangers of obesity is tricky.
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it unlikely that the chemical acts directly on the
Sir2 protein, although it might target other bio-
chemical processes that interact with Sir2.

How it works may not matter in the end, she
says. But in the absence of any conclusive evi-
dence that sirtuins extend life in mammals, or
that resveratrol activates sirtuins in human
cells, Sirtris Pharmaceuticals, a
company co-founded by Sinclair
and based in Cambridge, Massa-
chusetts, has screened half a mil-
lion compounds and found
some that activate human sirtu-
ins in the test tube. 

Natural experiments
According to Sinclair, Sirtris has
unpublished animal data show-
ing that some of these sirtuin
activators affect markers of longevity in the
same way that calorie restriction does in
rodents and in the humans in the CALERIE
study — for example, by reducing insulin lev-
els. One of the molecules is already in clinical
trials, although Sinclair warns it will be several
years before Sirtris can show that this is an
effective way to treat age-related disease, let
alone extend life.

Kenyon is co-founder of another Cam-
bridge-based company pursuing anti-ageing
drugs, Elixir Pharmaceuticals. Elixir is inter-
ested in sirtuins, but is taking a broader
approach. Kenyon’s group discovered that
activity in biochemical processes controlled by

insulin and another hormone called insulin-
like growth factor 1 controls ageing. That work
has led them to test molecules that affect those
mechanisms, which control the body’s use of
glucose. The team is also investigating drugs
that block the effects of ghrelin, another hor-
mone that controls the body’s glucose balance. 

“The way we are thinking
about getting drugs approved is
not of course for ageing, but
instead for beneficial effects on
age-related disease,” says Kenyon.
She envisages that people will
start taking them once they have
been approved for the latter —
probably within the next five to
ten years — and a huge natural
experiment will be launched. 
“If they really are drugs against

ageing, two things should happen,” she says.
“One, they should have efficacy in additional
disease settings, and two, after a while you
might start noticing that people taking the
drugs seem younger.”

Just such an experiment is underway with
the drug metformin, which enhances insulin
action and was approved for treating type 2
diabetes in 1995. Since then, studies in rodents
have shown that metformin can reduce
tumour load, and reduce fasting insulin level
and body temperature without significantly
affecting body weight or food intake. But some
researchers are doubtful about its usefulness as
an anti-ageing drug, because it has side effects

such as a small risk of a build-up of lactic acid
in the body which, rarely, can be fatal.

We may never be sure whether calorie
restriction extends human lifespan, says
Ingram. He argues that it is unlikely that a test
of the effects of lifelong restriction in humans
under controlled conditions will ever be done,
for reasons of cost and practicality.

In the meantime, some believe that
researchers into ageing must follow any lead,
because of the social and economic issues
posed by a rapidly ageing population. A group
of experts led by demographer Jay Olshansky
of the University of Illinois, Chicago, is calling
on the US government to increase its funding
of basic ageing research, with the initial goal of
delaying all age-related diseases by about
seven years — a goal they regard as realizable
for generations living today. ■

Laura Spinney is a science writer living in
London and Paris.
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Good vintage: a compound found in red wine called resveratrol might explain why the French have fatty diets but long lives.

“We are thinking
about getting

drugs approved not
for ageing, but for
beneficial effects

on age-related
diseases.”

— Cynthia Kenyon

NATURE|Vol 441|15 June 2006 NEWS FEATURE

S.
 F

RA
N

K
LI

N
/M

A
G

N
U

M
 P

H
O

TO
S 

Nature  Publishing Group ©2006


	Eat your cake and have it
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


