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FOREWORD

We are living through a revolution in ageing. 
People are living longer than they ever have before, 
life expectancy at birth is still rising by two years every
decade, and the oldest age groups are those fastest
growing in numbers. In the 1950s, the Queen sent 
out 200 or so telegrams each year to people on their
100th birthday; in 2005, 4623 centenarians received 
a telegram. Such advances are testimony to the
power of modern medicine and public health, with
people reaching their later years in better health and
with better quality of life. 

Yet, as this issue of Wellcome Focus shows, ageing 
is not just about older people. The last few years have
brought many insights into the fundamental mechanisms
of ageing, showing that we begin ageing at the very
early stages of life, and that the choices we make and
the lifestyles we lead throughout our youth and adult
years influence how we age. Our bodies age through
the accumulation of damage to our cells throughout life,
influenced by our genes, the food we eat, the amount
we exercise, and the environment that surrounds us.
Not surprisingly, ageing is highly individual.

Our knowledge of the biology of ageing is already
informing the development of new treatments for 
age-related diseases – many of which are, at their
core, driven by the ageing of our cells and tissues –
and are bringing new ways to keep people healthy
and vigorous for many more years than before. If in
the future the core processes of ageing themselves
become treatable, might we be able to tackle age-
related diseases en masse? Or perhaps, one day,
enable people to live longer than Jeanne Calment’s
remarkable 122 years and five months? Such fascinating
questions may take years to answer, and will
undoubtedly engender hot debate in the meantime. 

Dr Mark Walport
Director of the Wellcome Trust

Introducing Wellcome Focus…
Research seems to progress at ever faster rates, 
and even specialists struggle to keep up with the
deluge of information constantly being generated.

This information ends up in the primary literature, 
but that is a daunting starting point for anyone who
does not already have a detailed understanding 
of an area. On the other hand, material for general
audiences often focuses on healthcare delivery 
– but it can take a long time for the impact of 
new discoveries to be felt in medical practice.

With Wellcome Focus, we hope to fill the gap. 
We hope to provide an overview of an area of
medicine and key research issues within it. Our 
belief is that this will be of value to a wide range 
of people, including: professional scientists reading
outside their own area; healthcare workers of all
descriptions; teachers looking for authoritative and
topical resources for their students; other people 
with a professional interest in science and medicine;
and, not least, members of the general public who 
are looking for a balanced and accessible insight 
into key issues in human health.

Wellcome Focus is available free (see inside back
cover for ordering details).

Introducing the Wellcome Trust…
The Wellcome Trust is an independent biomedical
research-funding charity, established under the 
will of Sir Henry Wellcome in 1936. It is funded 
from a private endowment, which is managed with
long-term stability and growth in mind. Its mission 
is to foster and promote research with the aim of
improving human and animal health.

On the web
All the articles in this issue of Wellcome Focus can 
be found online at www.wellcome.ac.uk/ageing.

Plus articles on:
• the benefits of exercise for older people
• ageing in Africa
• ageing and old age in film
• ageing and the immune system.

www.wellcome.ac.uk

Wellcome Focus provides an overview of an area of medicine
and key research issues within it, through a mix of review
articles, personal comment and research reports. It aims to
provide scientists, healthcare workers, teachers, people with 
a professional interest in science and medicine, and interested
members of the general public with a balanced and accessible
insight into key issues in human health. It is available free 
(see inside back cover for ordering details).

The Wellcome Trust is an independent biomedical
research-funding charity, established under the 
will of Sir Henry Wellcome in 1936. It is funded
from a private endowment, which is managed 
with long-term stability and growth in mind.

The Wellcome Trust’s mission is to foster and
promote research with the aim of improving
human and animal health. During 2005–2010, 
our aims are:

Advancing knowledge: To support research 
to increase understanding of health and disease,
and its societal context

Using knowledge: To support the development
and use of knowledge to create health benefit

Engaging society: To engage with society to
foster an informed climate within which biomedical
research can flourish

Developing people: To foster a research community
and individual researchers who can contribute 
to the advancement and use of knowledge

Facilitating research: To promote the best
conditions for research and the use of knowledge

Developing our organisation: To use our
resources efficiently and effectively. 
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Over the next half-century the proportion of people
aged 60-plus around the world is expected to more
than double – from 10 to 22 per cent. By 2050, 
for the first time in human history, old people will
outnumber children on the planet. In some developed
countries the number of older people will be twice
the number of children. 

The fastest-growing age group is the over-80s, 
where women outnumber men by two to one. 
In the UK, between 2000 and 2025, the number 
of over-60s is due to rise by 44 per cent from 
12.2 million to 17.6 million, according to the Office 
for National Statistics. Over the same period the
population of working-age people is predicted to rise
by only 9.8 per cent, from 36.8 million to 40.5 million.
The impact of this transformation will be felt in every
area of life, including economic growth, labour
markets, taxation, the transfer of property, health,
family composition, housing and migration. 

Many see such changes as a triumph of modern
medicine and healthcare, but others view the growing
ranks of the elderly as a burden on society, and on
healthcare in particular. Yet the Wanless report on
financing the NHS, commissioned by the Government
and published in November 2001, pointed out that
although healthcare costs rise with age – more than 
a third of spending on hospital and community health
services is for people over 65 – the ageing of the
population has “less of an impact on health spending
than many people tend to think”. 

The reason for this is that about a quarter of all 
the healthcare someone consumes in their lifetime 
is spent in the last year of their life – whenever that
should be – and the cost of this last year tends to 
fall with increasing age. A study in Scotland showed 
a person who died at 50 had an average £7000 of
healthcare in his or her final year of life compared 
with just over £3000 in the last year for a person
dying at 90. If this is true, the impact of an ageing
population will be to postpone rather than increase
health service costs. 

Tackling ageing
Research on the disagreeable side-effects of ageing
spans everything from diseases of the central nervous
system to diabetes, brittle bones and arthritis.
Treatments that work are a vast and growing market,
particularly in developed countries, where the
proportion of the population over 60 is growing fast.
Across the drug industry, several hundred medical
compounds that can boost memory and learning
ability are being investigated. Research teams are
examining genes for Alzheimer’s disease and the
mechanisms that cause cells to age and die. Surgical
procedures involving the transplantation of embryonic
cells into brains damaged by age and disease have
been developed. After a century that has seen
spectacular advances in longevity, ageing itself is
taking over as the new target for therapeutic innovation. 

Improved health and life expectancy would not 
just benefit individuals: governments may gain from
curing sickness and preventing disease. For example,
it has been estimated that if UK life expectancy were
to increase by five years – to Japanese levels – then
gross domestic product of the UK could be between
£3 billion and £5 billion a year higher, and better
health would reduce workplace absences, which 
cost UK businesses billions of pounds every year.
Against that would have to be set the increased 
cost of pensions. 

Society, biology and medicine

People are living longer than in the past, the processes of ageing are 
being unravelled, and many new treatments for age-related diseases 
are being developed. By Jeremy Laurance.

AGEING

The impact of this transformation will
be felt in every area of life, including
economic growth, labour markets,
taxation, the transfer of property,
health, family composition, housing
and migration. 

«
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Yet even if the leading causes of death in old age –
cardiovascular disease, stroke and cancer – were
eliminated, we would not become immortal. It has
been estimated that such an advance, were it
achievable, would result in a 15-year increase 
in human life expectancy in developed countries, 
after which ageing itself would be revealed as 
the leading cause of death. 

To tackle ageing itself, we would have to do more
than fight cancer and heart disease. We have to 
look at the biology of ageing, a dauntingly complex
process that appears to involve the declining 
efficiency of a plethora of processes in our cells 
and tissues. Researchers are already untangling 
the processes of cellular ‘wear and tear’ that 
seem to be central to ageing and many age-related
diseases. They are also beginning to understand 
why eating fewer calories without becoming
malnourished (caloric restriction) can increase 
the lifespan of animals, and why changes to 
certain genes in flies and worms can increase 
their lifespan two-, three-, even six-fold. 

What impact will such research have on human
healthcare? And will it have an effect on the maximum
human lifespan of about 100 years – which has hardly
changed in the past century? We cannot predict. 
But we may hope that increasing life expectancy will
not mean more years spent in declining health and
increasing disability, but rather will mean longer,
healthier lives.

Jeremy Laurance is Health Editor at the Independent.

The fastest-growing age group is the
over-80s, where women outnumber
men by two to one.
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Surveys of public opinion reveal that, whereas people
are largely unanimous about the desirability of studying
the causes of the many diseases and disabilities to
which ageing renders us more vulnerable, there is
much less consensus that research to combat the
ageing process itself is worthwhile. In part, this is
because of the mistaken but widespread tendency 
to regard ageing as an essential part of life’s natural
order (see page 16), so that any attempt to alter its
course may be seen to smack of scientific hubris, or
worse. However, the lack of consensus probably also
reflects a longstanding uncertainty about the real nature
of the links between ‘normal’ ageing and disease.

In theory, there are several reasons to research the
ageing process. First, there is the power of curiosity.
We are learning more and more about life, and ageing
remains an area of abiding mystery. Second, there 
are some who see ageing as an ill that needs to be
abolished, and for whom the goal is nothing less 
than the attainment of personal immortality. However,
the third reason, by far the commonest, is that human
life expectancy is growing longer and longer, and we
need to equip ourselves with the scientific insights
that can help to ensure that the extra years of life we
are gaining are as healthy, productive and enjoyable
as possible.

In our search for the means to extend the period of
good-quality life, we can take encouragement from
the demographic trends of the last few decades.
Whereas previous increases in life expectancy were
driven by preventing premature death (from causes
such as bacterial infection), the latest increases 
reflect dramatic declines in the mortality of older
people. Not only is mortality declining, but also 
there is a widespread perception that people are
reaching old age – however this slippery concept 
is defined – in generally better health than previously.
A woman or man of 70 today is often remarkably 
fit and active. Nevertheless, few of us can hope to
avoid entirely the frailty, disability and disease with
which ageing is associated. The fear is that as lifespan
lengthens, so too will the period of illness at its end.

The hope that we may be able to intervene
successfully to secure better health in old age 
draws strength from the realisation that ageing is 
not programmed, but results instead from the gradual,
lifelong accumulation of faults. Although the build-up
of damage will not be easy to tackle, we can now 
see that the underlying biology of ageing is likely 
to be more malleable than was previously thought,
when ageing was viewed somewhat fatalistically 
as part of an immutable programme. 

Factors that postpone damage accumulation, 
by either reducing exposure or boosting defences, 
will help to delay senescent decline; it is probably 
this that explains why growing numbers of people 
are reaching old age in better shape than in previous
generations. Better nutrition, housing, medical care
and working conditions are all likely to have resulted 
in less accumulation of damage than during periods
when living conditions were harsher. Indeed, there is
good reason to think that a similar logic explains the
iniquity of the ten-year lifespan difference between 
the better-off and the economically deprived regions
of the UK.

Why do research on ageing?

Research on ageing is challenging not only because the process is scientifically 
a very hard nut to crack but also because, for many, the ultimate aims of such
research are not unambiguously clear. By Tom Kirkwood. 

THE FUTURE OF AGE
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Human life expectancy is growing
longer and longer, and we need to
equip ourselves with the scientific
insights that can help to ensure that
the extra years of life we are gaining
are as healthy, productive and
enjoyable as possible.
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Once we recognise that ageing itself derives from 
the gradual accumulation of cell and molecular 
faults, we can take a fresh look at the links between
intrinsic ageing and the host of age-related diseases
dominating today’s medical landscape. For each of
these diseases, age itself is the single largest risk
factor, which leads to the question of why the aged
cell is more vulnerable to pathology? The answer is
damage. The underlying pathogenesis of diseases,
ranging from Alzheimer’s disease to osteoporosis 
to cancer, is linked to an accumulation of cell and
molecular lesions. 

It is high time to recognise not only that the causal
pathways leading to specific diseases may overlap
significantly with those responsible for ageing, but also
that the fastest route to tackling age-related disease
might be to understand what it is that ‘normal’ ageing
brings into the picture. Since some of the mechanisms
strongly implicated in ageing, such as oxidative stress,
also play into multiple age-related diseases, the
prospect of hitting multiple birds with single stones is
entirely plausible. Delivering significant enhancements
to the quality and health of our later years will not be
easy, but the target is at last within our sights.

Professor Tom Kirkwood is Co-Director of the Institute for 
Ageing and Health, Henry Wellcome Laboratory for Biogerontology
Research, University of Newcastle upon Tyne.

Better nutrition, housing, medical care
and working conditions are all likely
to have resulted in less accumulation
of damage than during periods when
living conditions were harsher.

«
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Older people have never been unambiguously
respected in Western culture. Throughout all the
centuries of recorded history, visual and literary
images, medical, legal and philosophical texts and
records of everyday attitudes and experiences suggest
that views about older people have been as varied 
as the characteristics of older (and younger) people
themselves.There was never a ‘golden age’ when 
we respected older people more than we do now.

There have always been strongly held views about
older people because they have been a substantial
presence in all societies. It is often believed that, in
‘the past’, it was rare to grow old. Yet it is estimated
that even in ancient Rome at least 5 per cent of 
the population were aged over 60. Over-60s were 
10 per cent of the population of 18th-century 
England and now constitute about 20 per cent 
of the UK population. However, fitness in later life 
has so improved that today’s average 70-year-old 
has the fitness equivalent to someone aged 60 
or under from a century ago.

Showing respect
Plato’s Republic, written in Athens around 400 BCE,
describes old men complaining that “their families
show no respect for their age”. Then another old 
man comments that lack of respect is due not 
to their old age but to their character: older people
were respected if they deserved it by reason of their
achievements and their behaviour, and not just on
account of longevity. This has been the persistent
motif of Western attitudes. Ancient Roman statues
and paintings depict dignified aged senators and
nursemaids, as well as ludicrous, lecherous old men
and drunken old women. Drama through the centuries
represents a similar diversity. In Shakespeare’s 
As You Like It, Jacques famously describes the 
sad ‘seventh age’ of man as:

…second childishness and mere oblivion;
Sans teeth, sans eyes, sans taste, sans everything.

Yet the same play features Adam, Orlando’s faithful
servant, at “almost fourscore years” who describes
himself as “strong and lusty”, well able to share the
rigours of life in the forest with his master. From the
18th century survive portraits of handsome, dignified
older people of all classes, and caricatures of 
raddled old hags, male and female, seeking to 
trap unsuspecting young partners.

In real life, in early modern Europe older men 
and women might be maligned and persecuted as
witches, respected as repositories of medical or other
knowledge, or honoured public figures. The average
age of death of the nine 17th-century Archbishops 
of Canterbury was 73, and the average age of
appointment 60. Wealthy older widows controlled
property and the authority that flowed from it.

Medical writing through the centuries expresses 
a similar diversity. On the one hand, some thought 
old age a process of irreversible decay of no interest
to medical science; others, such as Francis Bacon 
in the 17th century, believed that active life could be
extended, even for hundreds of years. While some
have always sought very long life, others have been
alert to the horrors of unending, decaying survival, 
as expressed in ancient folktales and, in the 
18th century, Jonathan Swift’s foul Struldbrugs,
encountered by Gulliver on his travels, condemned 
to miserable eternal life without eternal youth. Might
an extended lifespan become a reality? (The number
of centenarians is certainly increasing: there were 
only 144 in Japan in 1960 but 25 000 in 2005.) 
Some view the prospect with pleasure, others as 
a Swiftian nightmare. 

Negative thoughts
Until the 20th century, the only practical prescription
for delaying the ageing process was healthy diet,
adequate exercise, and strong social and emotional
relationships, as advocated from ancient Greece
onwards. A driving force behind the growth of

Society’s views of old age

Throughout history, there has been a deep ambivalence about old age: fear and
contempt have vied with valuing and longing to sustain active life. By Pat Thane.

IMAGES OF OLDER PEOPLE

6 WellcomeFocus 2006 Images of older people



geriatrics in the 20th century was the desire of 
some doctors to harness the increasing curative
capacities of modern medicine to help older people,
and to protect them from the belief that they were not
worth treatment and the age-discriminatory rationing
that resulted.

They have not succeeded in dispelling such attitudes,
which are deeply embedded in society. Awareness 
is growing of the extent of age discrimination in 
the workplace and the belief that older workers 
are less adaptable than younger people, in particular
to changing technology. Yet evidence has been
accumulating for decades that people in their 70s 
or even older are as capable of learning new skills as
most people in their 30s and are well adapted to the
modern economy, which requires brainpower rather
than physical strength. Contrary role models have
long existed: Winston Churchill was at the retirement
age of 65 when he became wartime Prime Minister,
but he then led the country through five exceptionally
stressful years. But active, successful older people 
are rarely perceived as ‘old’. 

There is a real danger that in emphasising the
negative aspects of ageing, and in clinging to
stereotypes, we overlook the advantages of having
larger numbers than ever before of older people rich 
in skills and life experience that they can, and do,
contribute not only to the economy but also to their
families and communities.

Pat Thane is Leverhulme Professor of Contemporary 
British History at the Centre for Contemporary British History, 
University of London.

Further reading

Thane P (ed.). The Long History of Old Age. London: 
Thames & Hudson/Oxford University Press; 2005.

Thane P. Old Age in English History: Past experiences, 
present issues. Oxford: Oxford University Press; 2000.

Botelho L, Thane P (eds). Women and Ageing in Britain 
since 1500. London: Longman; 2001.
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In 1851, life expectancy at birth in England and Wales
was 40 years for males and 44 years for females. Just
150 years later, in the modern-day industrialised UK, 
life expectancy has nearly doubled from Victorian levels: 
a child born in 2004 will, on average, live for 78 years.
This astonishing increase in life expectancy is testimony
to successes in combating early, preventable deaths
with improved public health, vaccines and antibiotics.
Between 1851 and 1901, the chance of surviving the
first year of life was 83 per cent for males and 86 per
cent for females. By 1951, 97 per cent of both sexes
would survive their first year of life, and by 2005 more
than 99 per cent. 

Couple this to changes in fertility patterns, and more
recent declines in mortality rates at older ages, and the
UK population has indeed ‘aged’. The average (median)
age of the UK population rose from about 34 years 
in 1971 to nearly 39 in 2004. And although the UK
population grew by 7 per cent between 1971 and
2004, from 55.9 million to 59.8m, it has not done so
evenly across all age groups. The proportion of the
population aged 65 and over increased (from 13 per
cent to 16 per cent), and the proportion below the 
age of 16 decreased (from 25 per cent to 19 per cent).

Furthermore, the older population is ageing. Within the
population aged 65 and over, the proportion of people
aged 85 and over has increased from 7 per cent in
1971 to 12 per cent in 2004, and their numbers in 
the UK have grown by 84 per cent between 1981 and
2004, to over 1.1m. This means that there are more
and more centenarians: in 1952, the Queen sent out
255 telegrams to people on their 100th birthday; in
2005, she sent out 4623. Since 1946, the number 
of centenarians has doubled every 11–12 years. 

Life expectancy
Worldwide, life expectancy is 64.3 years (62.7 for males
and 66 years for females). The sex difference ranges
from four to six years in North America and Europe 
to more than 13 years in Russia. 

Life expectancy in the UK and other developed
countries continues to increase by about two years 
per decade. For males in the UK, life expectancy at
birth has gone up from 70.8 in 1981 to 75.9 in 2002,
an increase of 5.1 years; for females the figures are
76.8 and 80.5, an increase of 3.7 years. However, 
life expectancy is not uniform across the country: 
male life expectancy in 2002 was 76.2 years in
England, but 73.5 in Scotland. In 16 local authority
areas, the life expectancy in 1996 was still below the
average UK life expectancy of ten years earlier. Social
factors play a major part in these local variations, 
as Sir Michael Marmot discusses on page 12. 

The future
Will life expectancy continue to increase in the future?
Probably, according to predictions, although such
predictions should be viewed with some caution as
they inevitably involve some guesswork. For the UK 
as a whole, life expectancy at birth, based on the
mortality rates for the given year, is expected to 
rise from 76.8 years in 2004–05 to 81.4 years in
2031–32 for males, and from 81.1 years to 85.1 
years for females. The median age of the population 
is projected to rise from 38.6 years in 2004 to 42.9
years by 2031 and to 45 years by about 2060. 

The proportion of the global population aged 65 and
over in 1900 was 1 per cent (5 per cent in the UK); 
in 2000 it was 7 per cent (UK, 16 per cent); and by
2050 it is estimated to be 20 per cent (a figure the 
UK would reach in 2020). In the next 20 years, the 
total UK population will grow by around 10 per cent,
but the number of people aged 85 or over will grow 
by one-third.

Further reading

National Statistics Online. www.statistics.gov.uk

House of Lords Science and Technology Committee. Ageing:
Scientific aspects. First Report of Session 2005–06. (HL 20-I).
www.parliament.uk/parliamentary_committees/lords_s_t_select/
stiageing.cfm [accessed 21 June 2006].

It is often said that the UK population is ‘ageing’. But what do we
actually mean by this, and it is likely to continue? By Giles Newton.

‘AGEING’ POPULATIONS
Demographic changes
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Older people are caught between two extremes 
in society and, especially, in discussions in the 
media. On the one hand there are exciting stories 
of increasing numbers of active older people, along 
the lines of ‘hang-gliding in his 80s’, but on the other
hand the press is full of stories about ‘the burden of
ageing’ and ‘the pensions crisis’. Which is true?

Research indicates that both situations exist, 
but the reality is of course far more complex. For
professionals and the public, a more balanced view 
is therefore necessary. This is important for decision
makers at a national or local level, and in particular 
for individuals (such as GPs) who treat older patients.

At work
The key to both of these strongly held views is in
demography. An ageing population means that both
the numbers and relative proportion of older people
are increasing, as are the numbers and proportion of
very old people. And with an ageing population and a
shrinking workforce, there are a number of options for
public policy, at the heart of which is the debate about
pensions. As the Turner Commission on pensions 
has demonstrated, either older people are going to
have to work for longer or pay more for their pensions
earlier in life, or the working population is going to
have to pay a larger amount in taxes to sustain more
public pensions. 

Fortunately, research indicates that many older 
people are living out their lives in better health and
that many do want to carry on working. The challenge
is to reduce inequalities so that older people live long 
and healthy lives, that workplaces are appropriately
designed and that patterns of work are more flexible.

But the latter would also be sensible to meet the
needs of people who want to be in paid employment
and care for their families as well.

The role of paid employment needs to be balanced 
by a recognition that many older people are acting as
carers – often for spouses but also for grandchildren.
Their contribution to volunteering is also one without
which the country would suffer.

At home
There are similar issues about where people live. 
All the evidence is that most older people want to 
live in a home of their own, which is where 98 per
cent of the over-65s do currently live. But this too
presents problems because much housing is badly
designed. If homes were built to ‘Lifetime Homes’
standards, suitable for all ages and disabilities, an even
higher proportion would be able to remain at home. 

The challenges for assistive technology are to enhance
this ability. While telemedicine – the remote exchange
of information between health professionals and 
the patient – is still the prerogative of the few, simple
things such as mobile phones have transformed the
lives of many people. The introduction of ‘smart loos’
(more familiar in the Far East), which can monitor
health and perform simple cleaning operations, would
give reassurance and dignity to older people, their
families and professionals. The development of robots
that can perform physical tasks as well as acting as 
pets may also have a future. 

Demographic change will force the social issues raised
by ageing up the agenda, argues Anthea Tinker.

FOUNT OF ALL WISDOM 
OR BURDEN ON SOCIETY?

Fount of all wisdom or burden on society?    WellcomeFocus 2006 9

Older people in modern society 

Many older people are living out 
their lives in better health and 
many do want to carry on working.

«
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If homes were built to ‘Lifetime
Homes’ standards, suitable for all
ages and disabilities, an even higher
proportion would be able to remain
at home. 

«

«
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More controversial is surveillance technology, such 
as systems that allow people with dementia to be
monitored on a regular basis. There are ethical issues
here, notably that of the older person being able to give
informed consent to being the object of surveillance. 

Technology, house design and family care will enable
many to have long-term care at home. But for those
who cannot live at home, new models are needed that
give autonomy, care and reassurance to older people.

Inequality and diversity
The growing inequalities between different groups 
of older people must also be a matter of concern. 
For some, the difficulty of finding public services 
such as dentistry and chiropody must mean that 
they go without. On the other hand, the market 
has been slow to respond to the growing wealth 
of another section of the older population. With 
the exception of the tourist industry, little attention 
has been paid to the needs – such as clothes and
furniture – of older people. “Not more white plastic,”
as one interviewee said in a recent survey, ready to
pay a great deal of money for a well-designed and
good-looking piece of equipment.

Overarching all these challenges is the one of diversity.
Older women and men, for example, differ in many
ways, and so do people from different ethnic groups.
And perhaps even greater will be the differences to
arise between successive cohorts. 

All this means an exciting time for those who
undertake research on older people – but, as the
recent House of Lords Science and Technology 
Select Committee report said, funding is still woefully
inadequate. For the common, less glamorous areas 
of need, such as osteoporosis, rheumatism and
incontinence, both research and provision need 
to become ‘hot topics’, which they are not at 
the moment.

Anthea Tinker is Professor of Social Gerontology and Chairman 
of the College Research Ethics Committee, King’s College London.

Further reading

Royal Commission on Long Term Care. With Respect to Old Age.
London: The Stationery Office; 2001.

Tinker A. Older People in Modern Society. 4th edn. London:
Longman; 1997.

The Pensions Commission. www.pensionscommission.org.uk

BBC News Online. 2006. The Future of Pensions.
http://news.bbc.co.uk/1/hi/in_depth/business/
2005/turner_report/default.stm

Joseph Rowntree Foundation. An Introduction to Lifetime
Homes. www.jrf.org.uk/housingandcare/lifetimehomes/

For those who cannot live at home,
new models are needed that give
autonomy, care and reassurance 
to older people.
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The simplest measure of successful ageing is staying
alive. The differences, internationally, are dramatic. 
The world leaders for some time have been Japan, 
with life expectancy (male–female average) of 81.8
years. The UK runs significantly behind, with 78.5 – 
3.3 years is a big difference. At the other end of the
scale are Zimbabwe (37.3) and Botswana (35.5). 
Why should there be a 45-year difference in life
expectancy among countries? Poverty? AIDS? 
Yes, of course. But let us start at the simplest level. 
As a first approximation, these international differences
are, potentially, reversible. They are unlikely to arise
because Africans are genetically predisposed to
premature death. In the largely African-origin population
of Jamaica, for example, life expectancy is 70.8. 
It is probably not the tropics that are doing it either: 
life expectancy in tropical Sri Lanka is 74.4.

One way of describing these international differences is
to say that they are socially determined. They relate to
the nature of the economy, the system of governance
and social conditions, on top of the constraints and
pressure of the natural environment.

Perhaps these comparisons seem too extreme. There
are simply too many differences between sub-Saharan
Africa and Japan to draw conclusions as to causes. 
I live and work in the London borough of Camden. 
In a travel time of under half an hour I can cycle from
Kilburn, with male life expectancy of 70, to Hampstead,
life expectancy for men of 80. If I took my bicycle on
the train to Glasgow I could cycle through parts of the
city with life expectancy under 60. These differences 
of nearly 20 years within the UK are not due to AIDS
and poverty, in the sub-Saharan African meaning of 
the word. The main ‘causes of death’ contributing 
to the life expectancy differences are heart disease,
cancer, and accidental and violent deaths. At a more
fundamental level, the causes are linked to social
environmental conditions. This is shown by the 
intimate link between degrees of social and economic
deprivation and life expectancy.

There is more to life than breathing. The English
Longitudinal Study of Ageing (ELSA) shows that 
there are substantial differences in physical and
mental functioning according to socioeconomic 
level. The first data from this study show that people
of higher social position have onset of disability and
cognitive decline about 15 years later, on average,
than people of lower position.

In seeking explanations for these dramatic social
differences in length of life, an obvious place to start 
is with medical care. Obvious, but not necessarily
correct. In the USA, up to 15 per cent of people 
have no health insurance and hence limited access 
to medical care, at least under the age of 65. Hence
much of the debate on ‘disparities’ in health centres 
on maldistribution of access to care. Yet the UK
provides an instructive contrast. With an NHS we 
come a little closer to universal access to care, 
but differences in access may still exist. 

In the Whitehall II Study of British Civil Servants, 
we examined the contribution to differences in 
access to care made by socioeconomic differences 
in cardiovascular disease rates. We found that the
lower the people were in the occupational hierarchy, 
the more likely they were to have coronary heart
disease. But the lower they were in the hierarchy, 
the more likely they were to have been investigated 
for coronary heart disease or to have had invasive
treatment such as coronary artery surgery. The extra
rate of treatment was in proportion to the extra rate 
of disease. There was no evidence of undertreatment
for people in lower socioeconomic positions. 

The likely explanation of socioeconomic differences in
life expectancy is a difference in the rate of occurrence
of disease. There is, now, much concern with lifestyle. 
It is worryingly the case that most features of unhealthy
lifestyle are found to be progressively more common 
as the social hierarchy is descended. Unhealthy diet,
physical inactivity, obesity and smoking loom large. 

Social status and life expectancy

Why does life expectancy vary so markedly between countries, cities,
districts – and even people in different grades of the same job? It’s all 
down to social status and lifestyle, argues Sir Michael Marmot.

AGEING IN AN 
UNEQUAL WORLD



But why are there social differences in lifestyle? 
We need to focus on the social determinants of lifestyle,
not simply treat health behaviours as something that
can be turned on and off with the advice of a health
educator or government pronouncement. As smoking
rates for the population have declined, the concern is
with smoking among disadvantaged groups such as
those in deprived areas or single mothers in poverty.

We need to go further in our search for social
determinants. One potential insight comes from the 
fact that health is not distributed such that there is 
bad health for those in poverty, however defined, and
good health for everyone else. But health follows the
social gradient: the lower the socioeconomic position,
the worse the health. What is it about position in 
the hierarchy that leads to length and quality of life?
The evidence points to influences acting throughout
life: from pregnancy and degree of thinness of babies
at birth, through the effects of early child development,
environmental influences in early childhood and
education, to the social circumstances in which 
people live and work in adulthood.

My own interests have centred on the psychological
and social factors that influence our adult lives. 
I have argued (in my book Status Syndrome) that the
opportunity to live a flourishing life – with control over
your life and full of social engagement and participation
– is vital for physical as well as mental health. These are
important contributors to length and quality of life.

Professor Sir Michael Marmot is Director of the International Institute
for Society and Health, University College London, and Chair of the
Commission on Social Determinants of Health set up by the World
Health Organization.

Further reading

Marmot M. Social determinants of health inequalities. 
Lancet 2005;365(9464):1099–104.

Marmot M. Status Syndrome: How your social standing 
directly affects your health and life expectancy. London:
Bloomsbury; 2004.
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Changing with age
“Ageing is inevitable, but I didn’t think about what it
would be like to be older until I turned 50. Since then
the years have flown past, and even though I still feel
30 on the inside, it does become noticeable, and
frustrating, when you can’t do things that you could 
in younger days. Strength declines – opening jars 
and bottles becomes difficult – and while I still enjoy
rambling, I’d like to be able to walk 15 miles instead 
of eight or nine. 

The brain also changes, and memory starts to let 
you down: you try to think of the name of something,
and it is in your mind somewhere, but you may have 
to wait days for it to surface. Perhaps the most
noticeable changes are in behaviour and personality.
When I was younger I was not confident in public or 
at social events. Now I’m quite happy to go out and
talk to people. Some of my friends, especially those
who are housebound, say they feel anxious and
confused about what day of the week it is. After years
of work, when life is structured and recognisable, the
days suddenly all seem the same and they feel afraid 
of the future and depressed.

Society
In the past, older members of society were revered.
Today, society tends to ignore them and concentrates
on the young – an example is the Government’s bias
towards education and families, with an insulting and
miserly increase in the state pension. Younger people
take the view that because you’re not doing all the
things they’re doing, you’re not on an equal footing. 

Of course, many people help and care for older people,
but there is a balance between help and interference.
People often assume that because you have grey hair,

you can’t do things. You should let older people try to
do things first and only offer help if they are struggling.
It gives them a sense of independence and self-worth
to feel they can still contribute something.

Help from families is wonderful and they mean well,
but sometimes they tell you what you need. They say
that you must have modern technology, such as a
mobile phone. You may ‘need’ it, but you don’t want it.

Health
The great fear of many older people is being ‘put in 
a home’ where they will suffer the indignity of being
bathed and toileted by strangers, and however good
and caring the home is, they will become merely a
‘body’ to be controlled by others and not able to 
make decisions for themselves. Developing dementia 
or vascular disease is also a major worry for older
people, and there needs to be more research into
these conditions.

As the percentage of older people in the population
increases, the more pressure there will be on the NHS,
so prevention of age-related diseases is vital. We’re told
that a good diet, exercise, and an active social life are
essential to ‘ageing well’. But many people with only
the old-age pension as an income can’t afford healthier
foods, which are often more expensive, or to go to the
gym or exercise classes. 

A lot depends, of course, on one’s genetic make-up –
the ‘luck of the draw’, so to speak – as to whether you
are healthy into later years, as well as care of your body
in your youth and into old age.”

Interview by Lee Rodwell.

Patricia, 69

Patricia, 69, admits that, as a young person, 
she never thought about becoming old herself. 

VIEWS ON AGEING

I still feel 30 on the inside« «

Nobody wants to be treated 
like a backward child.

«
«
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Alistair, 33, works with elderly people in East London. He says his job
has helped to prepare him for what life may hold when he gets older.

VIEWS ON AGEING
Alistair, 33

“I’m not looking forward to getting old, but it’s something
that everyone needs to think about. It’s difficult to
prepare for what old age will do to you – the physical
decline, becoming less independent, and the change
in the way the world perceives you. But it helps to be
realistic about how things might become.

It’s also important to keep a positive attitude. 
I have a strong feeling that I will need to stay active
and keep doing things when I get older. I know older
people who really participate in their communities,
although they are in the minority.

Often those who manage best have families supporting
them. People who have had children tend to have a
better old age. However, you get out of family what
you put in. We need to remember that we’re all going
to need people to rely on when we get older.

Society in general needs to pay more attention 
to older people. Someone who is in their 90s knows 
a lot and you can learn so much from them. Just
giving older people the opportunity to talk about their
experiences would make them feel more valued.

The quality of social services varies from borough to
borough. In Hackney, for example, the council doesn’t
have enough money to provide the elderly with
domestic help such as cleaning the house and doing
the shopping. But I’d like to see more user involvement.
Older people know what services they need the most
and councils should consult them about this.

Making people aware of what services are available 
to them is important. Often the first point of contact
we have with an older person is when we get a phone
call from a neighbour. Then we find someone who 
has been living almost like a hermit for years.

The services that are available need to be made
more appealing if we want older people to take
advantage of them. For example, my grandad in
Australia is in the early stages of dementia. He goes
to a man’s club every day where staff keep an eye
on him while he talks to other older men and has a
bite to eat. It gives my gran – who is his main carer –
some respite. In Hackney the equivalent would be
called a day centre. A man’s club sounds much
more attractive to an older gentleman.

It’s impossible to guess how science will have
advanced by the time I’m old. I’m sure there will be
more research into the genetic causes of dementia –
it’s an area that still needs to be explored. I just 
hope that whatever treatments or medication are
developed, they improve people’s quality of life as 
well as keeping them alive for a few more years.”

Interview by Lee Rodwell.

I’m not looking forward to getting
old, but it’s something that everyone
needs to think about.

«
«

The services that are available 
need to be made more appealing 
if we want older people to take
advantage  of them.

«
«



If we thought about it at all, most of us probably grew
up with the idea that ageing is an essential part of the
natural life cycle. If we thought further, we might have
supposed that a biological programme for ageing 
had been shaped by natural selection to ensure the
turnover of generations and to provide living space for
progeny. It is important therefore to begin by stating
that the great majority of gerontologists now regard
these widely held beliefs as wrong.

The trouble with trying to explain ageing as a device
to get rid of older individuals is that the dynamics of
mortality in real-life populations just do not work like
that. Far from seeing ageing kick in to see off the
elderly, we hardly ever see old animals at all. The
reason is simple. Death rates of animals in the wild 
are so high – from accidents, predation, disease and
cold – that most animals die long before they exhibit
any signs of senescence (the progressive failure of
systems that characterises the later stages of the
ageing process). This means that it makes no sense
to view ageing as a general mechanism that has
evolved to cull the old from the population. 

Yet although biologists now shy away from trying 
to explain ageing in terms of a programme for 
death, genes certainly exert a powerful influence 
on length of life. This is evidenced both by the
statistical tendency for longevity to run in families 
and also by a growing number of mutations
discovered in humans and other species that 
affect lifespan, sometimes quite dramatically. 
What are these genes that regulate length of 
life, if they are not genes that evolved specifically 
to direct our death?

The trick that allows us to discover how genes 
play into the ageing process is to recognise that,
because animals die young, natural selection is
relatively powerless to eliminate mutations that 
have their adverse effects at later ages. This is
especially true if these adverse effects are coupled
with traits that are beneficial in a youngster. For
example, a high testosterone level may aid the drive
to reproduce in a young male, but it predisposes
towards health problems down the line, such as 
heart disease. From the perspective of natural
selection, the benefit in early life counts much more
than the trouble that might occur later. This skewing
of the genetic balance in favour of the young over 
the old is particularly evident when we consider the
priority that natural selection is expected to attach 
to the body’s systems for maintenance and repair. 

Daily maintenance – through a host of systems 
such as DNA repair, antioxidant defences and 
protein turnover – is essential if the body is to retain
its healthy functions. However, these processes are
metabolically quite expensive and it may be just too
costly to build a body that could last forever. The
‘disposable soma’ theory suggests that under the
intense pressure of natural selection to make the 
best possible use of resources, our genes settled 
for maintenance and repair systems that were good
enough to keep the body in sound condition for as
long as it might have been expected to survive, at a
time when external hazards meant that life was truly
‘nasty, brutish and short’. 

Although such a trade-off worked for our distant
ancestors, who had a life expectancy of around 30
years, they are not so well suited to today’s much

Our bodies are not programmed to die, but to survive. Understanding
why this programming falls short of allowing us to survive indefinitely
is at the heart of understanding ageing. By Tom Kirkwood.

PROGRAMMED FOR SURVIVAL
WHY AND HOW DO WE AGE? 
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It makes no sense to view ageing 
as a general mechanism that has
evolved to cull the old from the
population.

«
«

We age and die because of 
the intrinsic limitations in our
maintenance and repair.

«
«



safer living conditions, when we can expect to survive
much longer. The upshot is that we age and die
because of the intrinsic limitations in our maintenance
and repair.

From the disposable soma concept explaining 
why we age, it is but a short step to understanding
how ageing actually happens. It is clearly predicted
that ageing is the result of a lifelong accumulation 
of faults at the cellular and molecular levels. Each 
of these faults may individually be unimportant, but
eventually they build up in such numbers that they
overwhelm the body’s capacity to keep its life 
support systems running.

Much recent research has confirmed the idea 
that the genes affecting longevity are indeed genes
that programme the levels of maintenance and repair
functions. Such genes modulate ageing but do not
drive it. The underlying driver is damage, and each
instance of damage is essentially random in its
occurrence. It is the basic element of chance in its
causative mechanisms that explains a distinctive
feature of the ageing process – namely, its intrinsic
variability. Even when we standardise the genotype 
of animals and control their environment as tightly 
as possible, we find that their ageing is highly
individual. It is this individuality, and the complexity
that lies behind it, that makes dissecting the ageing
process such an intriguing scientific challenge.

Professor Tom Kirkwood is Co-Director of the Institute for 
Ageing and Health, Henry Wellcome Laboratory for Biogerontology
Research, University of Newcastle upon Tyne.

Further reading

Kirkwood TB. Understanding the odd science of aging. 
Cell 2005;120(4):437-47. 

Kirkwood TB, Austad SN. Why do we age? 
Nature 2000;408(6809):233-8.
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It doesn’t matter how careful we are with our 
bodies, our cells are subject to constant wear and
tear. The simple act of eating a sandwich exposes
millions of cells to physical damage, noxious
chemicals and invading pathogens. In some cases
cells are killed directly by the damage they sustain, 
a process known as necrosis. In other cases,
damage accumulates over time and cells eventually
go into retirement, commit suicide or get picked off 
by the immune system. In scientific terms, they enter
a state known as senescence, where they stop
dividing permanently, or they undergo a process
termed apoptosis, a form of programmed cell death
in which they are broken up and reabsorbed. These
processes are in many ways analogous to the ageing
of our bodies, but what triggers them and are they 
the basis of ageing?

Senescence and ageing 
Senescence was discovered in the early 1960s 
when two researchers studying human cells growing
in culture made a startling and unexpected finding –
after about 50 divisions, the cells stopped dividing
and withdrew into a permanent quiescent state, with a
strikingly different appearance compared with dividing
cells. Senescence was subsequently documented in
many types of cell and it occurred even under ideal
culture conditions with plenty of nutrients available.
This suggested that most of the body’s cells have 
an intrinsic replication limit (named Hayflick’s limit 
after its discoverer); once this limit is reached, a cell’s
self-renewing potential appears to be exhausted.

Many of the body’s tissues are made predominantly 
of dividing cells, so cells that are lost or destroyed 
can be replaced through the division of others. 
With age, senescent cells build up in older tissues,
accumulating at sites such as arthritic joints and skin
ulcers, and potentially contributing to the signs of
ageing through their release of enzymes that break
down the molecules holding cells together in tissues.
But does this senescence arise simply because cells 
have replicated a set number of times?

“When scientists delved deeper into the mechanisms
of senescence, the relationship between cellular
replicative capacity and ageing was found to be 
a lot more complex than originally envisaged,” 
says Professor Judith Campisi (Lawrence Berkeley
National Laboratory and Buck Institute for Age
Research, both in California). “Many factors can
trigger senescence, including stress, the activation 
of certain cancer-causing genes (oncogenes) and the
expression of genes or the delivery of drugs that alter
the structure of chromatin, the protein–DNA assembly 
that determines which genes are switched on and 
off in the cell.” 

Replicative senescence may therefore be part of
ageing, but it is not the whole story. “In some but 
not all cells, replicative senescence is triggered by
telomere shortening,” says Dr Richard Faragher at 
the University of Brighton (see page 21). “In other
cells, replicative senescence is triggered by a different
mechanism, and still other pathways are involved 
in the senescence response to stress, oncogene
activation and changes to chromatin. What seems
clear, however, is that all these pathways converge 

Can clues to how and why we age be found by looking at 
what happens when our cells wear out? By Richard Twyman.

WEAR AND TEAR
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Cells and the biology of ageing

When scientists delved deeper 
into the mechanisms of senescence,
the relationship between cellular
replicative capacity and ageing was
found to be a lot more complex than
originally envisaged.
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Senescence and apoptosis are in
many ways analogous to the ageing
of our bodies, but what triggers them
and are they the basis of ageing?
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on two regulatory proteins known as p53 and pRB.”
These two molecules have the important function of
protecting our cells from the consequences of DNA
damage – such as uncontrolled cell proliferation and
cancer – and do so by forcing cells into senescence
or by causing them to undergo apoptosis.

Damage limitation
The involvement of p53 (and pRB) in the senescence
response suggests that senescence, apoptosis and
ageing may be related to the detection of DNA
damage in the cell. Indeed, a long-standing theory 
of ageing is that it results from the accumulation 
of damage in cells, particularly in DNA, structural
proteins and the fatty molecules of the cell membrane.
While damage can be caused by physical and
chemical insults such as radiation and toxic chemicals,
researchers are particularly interested in ‘reactive
oxygen species’. These highly reactive molecules are
produced in the cell’s mitochondria as part of the
process of respiration (and at other sites).

Cells try to protect themselves by producing 
enzymes that convert reactive oxygen species into
harmless compounds or repair the damage they
cause, or by producing enzymes that synthesise
antioxidant chemicals to counteract the harmful
molecules. However, the impact of such enzymes 
on the ageing process has been hard to decipher.
Mice engineered to express higher-than-normal
amounts of such enzymes appear to be protected
from cancer to a certain extent, so they are more 
likely to live to older ages, but ageing is not delayed.

“Researchers are becoming increasingly aware 
of the limits of these experiments,” says Professor
Malcolm Jackson (University of Liverpool). “Cells
produce reactive oxygen species at multiple sites 
and they exert their effects in different compartments
in the cell. Therefore, the expression of a particular
enzyme in the mitochondria, for example, will not
affect reactive oxygen species produced in another
compartment, such as the cytosol, and will not 
modify the resulting ageing process.” For example,
mice engineered to lack one such enzyme, glutathione
peroxidase 1, aged at the normal rate, whereas other
mice lacking cytosolic superoxide dismutase aged
prematurely. Both gene deletions led to increased
damage to proteins, lipids and DNA but only one
influenced ageing. “We really need to find ways to
block reactive oxygen species activity at specific 
sites before we get a clear picture of their impact 
on the ageing of cells and organisms,” says 
Professor Jackson.

Other forms of damage to cellular components 
have also been linked to ageing and metabolism. 
For example, proteins interact with sugars to produce

‘advanced glycation end-products’, which cause
protein and lipid cross-linking. Cross-linked proteins
and lipids are difficult for cells to get rid of, and tend
to accumulate as a substance called lipofuscin in
lysosomes, the cell’s recycling centres for damaged
molecules. This is not such a problem in dividing cells,
where the lipofuscin is diluted after every cell division,
but our bodies also contain many non-dividing 
cells – such as mature muscle cells and neurons –
which are never replaced. In these cells, and in 
cells that have become senescent, dysfunctional
lysosomes can build up to form visible granules 
that eventually cause the cells to swell up and die.

With age, the cell’s repair mechanisms for 
proteins may also begin to fail, accelerating the
accumulation of damage. “One repair mechanism
which is important, particularly in cells such as skeletal
muscle, is the family of stress proteins known as ‘heat
shock proteins’,” says Dr Anne McArdle (University of
Liverpool). “These accumulate in response to stress 
to help repair proteins and recover their function.” 
As well as ensuring that new proteins are folded in 
the correct way, chaperones can also refold partially
denatured proteins back into their functional shape.
Muscles in older mice cannot respond to stress by
upregulating this repair mechanism, research by 
Dr McArdle and Professor Jackson has shown, but
when mice were engineered to make large amounts
of a heat shock protein called HSP70, throughout life,
skeletal muscles did not weaken with age and muscle
damage could be repaired quickly and successfully –
a process that is defective in older mice.

DNA integrity
The human genome encodes about 100 enzymes
whose sole function is to repair damaged sections 
of DNA in the nucleus, either by reversing specific
types of damage directly, or by cutting out damaged
and unreadable sections of DNA and allowing their
replacement by normal DNA copying. In young cells,
this may be a highly efficient process, but if the genes
encoding the repair enzymes themselves become
mutated, the efficiency of repair may begin to
diminish. If damage accumulates to the point at 
which the cell can no longer replicate its DNA, p53 
(or pRB) would be activated and the cell forced into
senescence or apoptosis. Evidence in support of 
this includes experiments in which mice have been
engineered to make extra p53. Although these mice
are less susceptible to cancer – a disease driven by
DNA mutations – they age faster than normal,
possibly because more cells than usual become
senescent or undergo apoptosis. 

There is also evidence that the integrity of the DNA 
in cells’ mitochondria is important in ageing. (Each
mitochondrion contains a small circular DNA that
encodes 37 genes.) Damaged mitochondria might 
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We really need to find ways to block
reactive oxygen species activity at
specific sites before we get a clear
picture of their impact on the ageing
of cells and organisms.
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END STORY

Once regarded as counters that keep track of
how many times a cell has divided, telomeres
now appear to play a more complex and involved
role in cell survival and ageing. 

Short telomeres signal danger for cells. If the caps 
on the ends of chromosomes are lost, crucial genes
are no longer protected and the risk of mutation
increases. “When telomeres become short, a normal
cell has to assume that there is a lot of damage,” 
says Professor Thomas von Zglinicki at the University
of Newcastle upon Tyne. “To minimise risk, the cell
triggers a signalling pathway that includes p53 and
p21 (tumour suppressor genes) and goes into
senescence or apoptosis.” 

Because telomeres get shorter when cells divide –
DNA polymerases struggle to copy the ends of linear
pieces of DNA – it was thought that telomeres were 
a counting mechanism: after a certain number of
divisions, the cells would shut down. But why does
telomere shortening vary so much? It differs between
cell types; even in the same cell, they do not shorten
by the same amount on every chromosome.

Stress is the key, argues Professor von Zglinicki: 
“We find that cells that produce more oxidative stress,
or that have reduced antioxidant defences, lose their
telomeres faster. Therefore telomeres are not a regular
clock – we suggest that they are measuring the
probability of damage, and have a sentinel function,
looking for the risk of mutation and damage to 
the genome.”

“We looked at people who have had stroke-related
dementia, and found that they had shorter telomeres.
This makes sense, as the quality of defences against
oxidative stress play a huge role in determining the
consequences of stroke. Short telomeres have also
been found to be associated with cardiovascular
disease and survival after certain cancers.”

Thomas von Zglinicki is Professor of Cellular Gerontology 
at the Henry Wellcome Laboratory for Biogerontology, 
University of Newcastle.

Further reading

Martin-Ruiz C et al. Telomere length predicts poststroke
mortality, dementia, and cognitive decline. Ann Neurol 2006
[epub ahead of print]. 

von Zglinicki T. Oxidative stress shortens telomeres. 
Trends Biochem Sci 2002;27(7):339–44. 
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be expected to produce more reactive oxygen species,
resulting in more mutations and so on. Furthermore,
mice engineered to produce an inaccurate version of
the enzyme responsible for replicating and repairing
mitochondrial DNA showed many signs of premature
ageing, and their cells were more likely to apoptosis.
Suicidal cells accumulated in all the tissues examined,
although this process was delayed in muscles and 
in the brain. In proliferative tissues, lost cells would
presumably be replaced by cell division, leading to
increased senescence, whereas in tissues such as
muscle and brain the lost cells would be gone for
ever. In both cases, progressive tissue deterioration
would be the expected result.

Full circle
During our lives, our cells replicate and divide, are
subject to stress, and accumulate damage both
through contact with chemical and physical insults
and through the intrinsic production of damaging
molecules. All these processes naturally lead to 
two outcomes – senescence or death – to prevent
damaged and exhausted cells losing integrity and
proliferating uncontrollably. 

Cell death, through necrosis or apoptosis, results in
depletion. In muscles, heart and brain, where critical
cells are never replaced, depletion leads to functional
decline. In other tissues, where cells can be replaced
by division, depletion brings the remaining cells closer
to their replicative limit and increases the likelihood of
senescence, which in turn changes the character of
tissues and results in the effect we know as ageing.

Dr Richard Twyman is a science writer based in York.

Further reading

Campisi J. Senescent cells, tumor suppression, and organismal
aging: good citizens, bad neighbors. Cell 2005;120(4):513–22.

Balaban RS et al. Mitochondria, oxidants, and aging. 
Cell 2005;120(4):483–95.
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Identical twins tend to have similar lifespans. Long-
lived parents tend to have long-lived children. Does
this mean that life expectancy is programmed into 
our genes? Not necessarily: nutrition, lifestyle and
environment undoubtedly influence the accumulation
of damage by the body, wearing, tearing and ageing
our cells and tissues. But our genes strongly influence
how well we prevent, repair and respond to such
damage; in the latest estimates, genetic heritability
accounts for about 25 per cent of the differences 
in life expectancy between individuals. And the vast
differences in ageing rates between animal species
must be largely attributable to genes.

So what genes are involved, and what sort of 
biology do they affect? The most powerful way 
to really understand how genes control any trait 
is classical genetics. Such an approach starts with 
the analysis of mutants with altered rates of ageing.
But until quite recently it was assumed that the
genetic control of ageing was so complex that to
search for genes involved would be quite futile. 
“The view was that you’d be a fool to even try,” 
recalls Dr David Gems, from University College
London. This view has now changed completely: 
the field of ageing genetics is booming. Researchers
are now rapidly unravelling the genetics of ageing 
by studying long-lived mutants of their favourite
‘model organisms’: worms, fruit flies, yeast and mice.

Old worms
This all started in the early 1980s with a maverick
experiment by Michael Klass at the University of
Colorado: a search for long-lived mutant worms. 
He discovered that a mutation in a single gene, 
later named age-1, could extend a nematode 
worm’s lifespan. That a single gene should have 
such an impact on lifespan was astonishing. “It was 
a miraculous piece of work...wonderful. It meant that
one could study ageing through the effects of single
genes...behaving just like those of Gregor Mendel’s
peas,” Dr Gems enthuses. 

A decade later, Dr Cynthia Kenyon (University of
California at San Francisco) found a mutant nematode
worm with double the normal lifespan of 20 days.
“That was pretty breathtaking because all mutants
lived twice as long. Few people were expecting it,”
she recalls. The cause of the longevity was a defect 
in a gene called daf-2, which makes a protein similar
to a receptor for one of two hormones, insulin and
insulin-like growth factor 1 (IGF-1). These hormones
control the way that animals respond to food, in their
metabolism and their growth. Normally, worm insulin-
like hormones speed up ageing, but if daf-2 is turned
down, worms live longer. Indeed, in her hands, the
daf-2 mutants were not only long-lived but also active
and fertile. “My worms not only acted younger, they
looked younger,” she says. 

Dr Kenyon also identified daf-16, a gene that
promotes youthful vitality. This gene is turned off 
by the insulin/IGF-1 pathway, so if daf-2 or age-1
are turned down, daf-16 comes on and extends
lifespan. By 2004, through combined manipulations 
of genes and environment as well as microsurgery,
both the Kenyon team and researchers in Belgium
had achieved up to six-fold increases in worm lifespan
– the equivalent of humans living for four centuries.

Old flies
If the insulin/IGF-1 pathway were found only in
nematode worms, the story might have ended there.
But not so: “The pathway seems to have evolved very
early on in the history of life,” says Professor Linda
Partridge at University College London, “and it seems
to be conserved in flies, worms and mice.” Indeed,
Professor Partridge discovered that fruit fly genes in
this pathway, such as the chico insulin receptor

Changes to certain genes in flies and worms can increase their lifespan markedly.
What do such findings tell us about the processes of ageing, and what do they
mean for an understanding of human lifespan? By Lisa Melton.
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substrate, are potent controllers of lifespan. Loss of a
single copy of the gene chico (Spanish for small boy)
results in normal fertile flies showing an extension of
lifespan of around 40 per cent, although it also causes
dwarfism and sterility. 

But what is it about daf-2 mutant worms and chico
mutant flies that leads to their increased longevity?
This still remains a mystery and probably represents
the key to really understanding ageing. “There must
be some age-related damage that is happening more
slowly in these animals,” Professor Partridge says.
“Presumably a cascade of signalling events is altered.
We need to know what those are.” To unravel the
mechanisms, the Partridge lab (with Wellcome Trust
funding) is using DNA microarrays, a high-throughput
approach that allows thousands of genes to be
tracked on a single chip. Another interesting question
is: which tissues are critical for the extension of
lifespan? Results so far point at fatty and liver-like
tissue. The London researchers have supercharged
cells in the fat boyd (equivalent to human fat and 
liver) with the fly equivalent of daf-16 (called dFOXO),
leading to a 20–50 per cent boost in the lifespan of
female flies.

Mothers and daughters
In the hunt for longevity genes, the baker’s yeast
Saccharomyces cerevisiae, a single-celled fungus, 
has also taken a starring role. Its lifespan is measured
by counting how many times a yeast mother cell
divides to produce daughters before dying. Studies 
of yeast enabled Professor Lenny Guarente and 
his colleagues at the Massachusetts Institute of
Technology to identify an important longevity gene,
the silent information regulator 2 gene (Sir2). Deleting
the gene from yeast reduces lifespan, while extra
copies of Sir2 and its relatives the sirtuins increases
longevity not just in yeast, but also in multicellular
creatures such as worms and fruit flies. 

In Sir2 and its relatives, Professor Guarente 
and colleagues claim to have found an important
controller of the ageing process. They argue 
that the Sir2 enzyme is spurred into action by
environmental stresses such as excessive heat or 
too little food or water – which links neatly into the 
life-extending properties of a calorie-restricted diet
(see page 26) – and the lifespan of yeast can be
extended by about 30 per cent. Other researchers 
are less sure about the links between Sir2, calorie
restriction and longevity, as studies have indicated
that the life-extending effects of Sir2 in yeast are
dependent on the strain of yeast being used, and that
caloric restriction of yeast extends lifespan more than
Sir2 alone and by a mechanism independent of Sir2.

The picture is further complicated by the search for
compounds that activate sirtuins. Such compounds
would, in theory, bring the benefits of calorie restriction
without the spartan diet. Resveratrol, a compound in
red wine, seemed to fit the bill when it was found to
bind to and activate Sir2, and to extend the lifespan 
of yeast, worms and flies. But other studies contradict
these findings, indicating that resveratrol neither binds
to Sir2 nor extends lifespan in yeast. Such confusion
is perhaps not surprising: the pathways that control
metabolism and lifespan are undoubtedly complex,
even in a relatively simple organism such as yeast. 

Garbage disposal
Ultimately, to understand ageing means discovering
the mysterious processes controlled by regulators
such as daf-16 and Sir2. “What is the biochemistry
controlling lifespan?” Dr Gems asks. “The nematode
worm C. elegans lives only a couple of weeks, yet
other nematodes can live for over a decade; whatever
this biochemistry is, it’s really powerful. If only we can
understand it we could put it to good use.” In a
Wellcome Trust-funded project, Dr Gems and Joshua
McElwee are trying to identify it by looking for families
of genes – as opposed to single genes – involved in
driving longevity and ageing. They are doing so by
examining the worm insulin/IGF-1 pathway, and the
genes switched on and off by daf-16. 

When they looked for classes of genes that are 
up-regulated in both long-lived mutants and dauer
larvae (a very long-lived state of suspended animation
that the worm slips into when food is scarce), they
first found small heat shock proteins – already known
for their ability to repair proteins and extend longevity
processes – and then a number of categories of gene
linked to the removal of molecular rubbish from the cell.
To keep running efficiently, cells have to deal with a
wide array of toxins, drugs and carcinogens. As such
garbage is structurally very diverse, detoxification is a
complex process, governed by hundreds of genes and
enzymes, which takes a lot of energy to run. “It was a
real revelation. How can a genome evolve to deal with
an almost infinite variety of molecular damage or toxins
from the environment? The challenge to the cell of taking
out the trash, both in terms of informatics and energy
requirement may be key to understanding how ageing
has evolved,” says Dr Gems. He is now testing the
role of such detoxification genes in the ageing process.

Human ageing
What does the research on model organisms mean
for an understanding of human ageing? “You can’t
meddle with human genes, you can’t change them
and watch if people become older,” says Professor
Eline Slagboom, from Leiden University Medical
Center in The Netherlands. Instead, she and other
molecular epidemiologists are investigating whether
certain genetic variations in the population bring 
good health and long life. 

“We focus on what is genetically special about people
who are very long-lived,” says Professor Slagboom,
who is recruiting Dutch families with exceptionally 
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The children of parents who lived
beyond 80 themselves live on
average six years longer than
children of parents who died 
before 60.
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long-lived siblings to the Leiden Longevity Study.
Selecting these people is the equivalent to making a
strain of long-lived fruit flies, she says: their DNA can
be used to search for variations and genes that may
underpin their extended lifespan. “We are very fond 
of those long-living families because they increase 
our potential of finding the genes involved,” she says.

Dr Thomas Perls at Boston University Medical 
School is studying centenarians. By examining 
genetic markers for the entire genomes of people
selected because at least one family member was
over 98 and the others were over 90, his team has
found a region of chromosome 4 linked to exceptional
longevity. It is a long stretch of DNA, however, which
could contain as many as 200 genes. Within these
genes, the researchers are analysing variations to 
find those ultimately responsible for slowing down 
the ageing process.

Such studies are still works in progress, and there 
will undoubtedly be a multitude of genes to sift
through before we have a full picture of the genes 
that influence human ageing. We also do not
understand how relevant the ageing genes identified 
in model organisms will be to humans. But these are
clearly exciting times for ageing genetics, and
researchers hope that in the next few years we will
begin to understand why, as one study found, the
children of parents who lived beyond 80 themselves
live on average six years longer than children of
parents who died before 60.

Lisa Melton is a freelance science writer based in London.

Further reading

Christensen K et al. The quest for genetic determinants 
of human longevity: challenges and insights. Nat Rev Genet
2006;7(6):436–48.

Kenyon C. The plasticity of aging: insights from long-lived
mutants. Cell 2005;120(4):449–60.
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PREMATURE AGEING

Both humans and animals can be affected by
accelerated ageing as a result of certain rare
genetic diseases. 

Such progeroid syndromes – the word progeria being
derived from the Greek for ‘prematurely old’ – are
caused by mutations in single genes, and although
they lead to an array of age-related changes, they
never cause every aspect of normal ageing (and so
are referred to as segmental progeroid syndromes).

Most accelerated ageing diseases, such as 
Werner's syndrome, Cockayne’s syndrome or
xeroderma pigmentosum, are associated with
defective DNA repair. For example, the WRN
gene responsible for Werner’s syndrome encodes a
DNA maintenance and repair protein that can unwind
the DNA double helix and digest parts of the DNA.
Individuals with Werner’s syndrome appear normal 
in their early years but age dramatically in middle life,
displaying the wrinkled skin, hair loss and wizened
appearance of octogenarians by their mid-30s.
Common features of the disease include hardened
arteries, diabetes, cataracts and osteoporosis. 

Hutchinson–Gilford progeria syndrome affects 
about one child in 4 million, leading to short 
stature, baldness, wrinkles, hardened arteries and
osteoporosis. Most children with the condition die
from heart disease before the age of 16. It is caused
by defects in nuclear lamin A; this protein normally
forms a scaffold in the nucleus that helps organise
processes such as DNA and RNA synthesis.

Like many premature ageing syndromes, it does 
not cause individuals to become prematurely senile,
nor does it increase their predisposition to cancer. 

As with the other premature ageing disorders, 
there is no cure for Hutchinson–Gilford progeria
syndrome, although an experimental cancer drug 
(a farnesyltransferase inhibitor) shows promise as a
treatment. In February 2006, Los Angeles researchers
showed that the drug could promote improved body
weight, bone integrity and survival in a mouse model
of the disease.

Further reading

Kipling D et al. What can progeroid syndromes tell us 
about human aging? Science 2004;305(5689):1426–31.

Martin GM, Oshima J. Lessons from human progeroid
syndromes. Nature 2000;408(6809):263–6.

Fong LG et al. A protein farnesyltransferase inhibitor 
ameliorates disease in a mouse model of progeria. 
Science 2006;311(5767):1621–3.



26 WellcomeFocus 2006 The calorie connection

In 1935, Clive McCay discovered that if he fed rats
two-thirds of what they’d usually eat, they lived about
30 per cent longer than normal. Since then, a reduced
diet has been shown to increase lifespan in a wide
array of organisms, including yeast, nematode worms,
fruit flies, mice, water fleas, spiders and dogs. 

The diet – dubbed calorie or dietary restriction – 
aims to cut calories by 20–40 per cent while providing
all essential vitamins and nutrients. The effects in
these short-lived organisms are remarkable: average
and maximum lifespans increase, and in rodents, the
appearance of many age-related conditions, including
cancer, is delayed. But how does the diet exert its
influence? Its effectiveness in so many different
species argues that a common mechanism is at 
work, but it is not clear whether dietary restriction
reduces the rate of ageing, or whether it is reducing
the likelihood that ageing-related damage will give 
rise to lethal, age-related disease.

Furthermore, there are discrepancies that researchers
have yet to understand. For example, in rodents the
source of calories (carbohydrate, protein or fat) being
reduced seems to make little difference to the diet’s
efficacy; fruit flies, though, can live longer without
reducing calories if they eat proportionally less yeast 
(a source of protein and fat). And calorie restriction
seems to decrease the lifespan of the housefly, and 
to have little effect at all on at least one strain of
mouse. So it may be that longevity through calorie
restriction is not as universal as once thought.

“The problem is trying to figure out exactly how
[calorie restriction] works,” admits Dr Brian Merry, 
of the University of Liverpool. His focus is on free
radicals, the harmful chemical species that cause
broken DNA and misformed proteins – the damage
characteristic of ageing cells. One popular idea is that
animals on calorie-restricted diets are less likely to
accumulate molecular damage from free radicals and
hence age more slowly. “We found this to be true,” 
he confirms. But exactly how it happens is unclear. 

Searching for answers, Dr Merry has examined
mitochondria, the cell’s powerhouses, where free
radicals are produced as toxic byproducts of 
burning cellular fuel. Mitochondria from calorie-
restricted mice produce 50 per cent fewer noxious
superoxide and hydrogen peroxide molecules than
those from control mice. However, Dr Merry is not
banking on free radicals as the sole explanation for
the calorie restriction effect: “I’m pretty sure [the diet]
has a whole range of effects.”

Professor Leonard Guarente and his team, at the
Massachusetts Institute of Technology in Boston,
believe that a gene called Sir2 holds the secret to how
calorie restriction works (see page 24). The gene has
been linked to extended lifespan in yeast, worms and
mice, as well as to dramatically enhanced health.
“This is the gene that is most closely tied to diet,” 
he argues. According to Professor Guarente, Sir2 is
like an orchestra conductor coordinating a range of
pathways that become activated when food is scarce.

Still, no one knows what calorie restriction can do 
for long-lived animals such as primates and humans.
In a study on monkeys led by Professor Richard
Weindruch at the University of Wisconsin, USA, 
the oldest animal is 26 years old; as the monkey’s
normal maximum lifespan in captivity is 40 years, 
it will be some time before anyone knows whether 
the restriction tactic extends their life. But Professor
Weindruch is excited by what he has found so far.
“The differences are steadily emerging,” he says.
While 40 per cent of monkeys in the control group
have already developed type 2 diabetes, those on 
the diet are protected. “Their insulin works better, 
they have less cholesterol and less cancer than
monkeys ageing at the normal rate,” he says.

Eating less, without becoming malnourished, extends the lifespan of many species,
from yeast to mice. How relevant are such findings for humans, asks Lisa Melton.

THE CALORIE
CONNECTION
Dietary restriction and ageing

A reduced diet has been shown 
to increase lifespan in wide array 
of organisms
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A controlled human experiment has also begun,
comparing a group of 18 people who have voluntarily
slashed their calorie intake with 18 others who eat 
a typical American diet. Julio Fontana and his team 
at the School of Medicine at Washington University 
in St Louis, Missouri, and the Instituto Superiori di
Sanitá in Rome, have been following their progress.
The dieters have all the hallmarks of younger bodies,
says Fontana. After an average of six years, their
blood sugar, weight, body fat, blood pressure and
cholesterol levels dropped. In a recently published
paper, Fontana describes how low calorie intake has
stopped their heart muscles from stiffening. “In these
people the heart looks 15 years younger,” he says. 
He is keen to dispel the notion that these people 
are starved and suffering. “They have changed their
diet completely, substituting empty calories from
processed food for a nutrient-packed food.” 

Such signs of potential health benefits are promising,
but there is no evidence as yet that the ageing of
primates or humans can be slowed by a reduced-
calorie diet. Indeed, in April 2005, the US Centers 
for Disease Control released a study indicating that
very thin individuals run roughly the same risk of 
early death as overweight people. The minimalism 
of the diet would also be off-putting to many people,
so some researchers are looking for compounds 
that might fool the body into thinking it’s on a calorie-
restricted diet even when on a normal diet. If such 
a search is successful, and the benefits of dietary
restriction are substantiated, there might be a way 
to improve life expectancy without self-deprivation.

Dr Lisa Melton is a science writer based in London.

Further reading

Partridge L et al. Dietary restriction, mortality trajectories, 
risk and damage. Mech Ageing Dev 2005;126(1):35–41. 
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Ageing is not just something that affects older 
people, or those reaching old age. Few professional
footballers can continue to play at the highest level
past their mid-30s: speed and strength ebb, reflexes
dull, injuries become more frequent and demand more
recovery time, and there reaches a stage where, in
football parlance, ‘their legs have gone’. Even in their
30s, age has caught up with them. In fact, our bodies
are ageing from the day we are born – and possibly
while we are still in the womb. The trillions of cells of
the body are accumulating damage, at a rate that
increases after puberty, progressively impairing the
function of the tissues and organs. 

This deterioration is usually gradual and barely
noticeable, but the effects can become apparent 
if we suffer an injury or illness, or some other problem
that stresses the body. With age, the body becomes
less resilient and more vulnerable, and the risk of
debilitating ill health and death increases. Indeed,
once a person attains adulthood, the chance of 
dying approximately doubles with every additional
eight years that pass.

Of course, the ageing process is highly variable. 
Some people are ‘old before their time’, while 
some 80-year-olds compete in marathons. Their
bodies have aged at different rates, influenced by
genes, nutrition and lifestyle (and socioeconomic
factors). The most obvious signs of ageing are the
changes to our external appearance. The skin loses
suppleness and becomes wrinkled, while hair greys
and thins. Inside the body, connective tissue changes,
the senses become impaired, bones weaken, and the
cardiovascular and neurological systems degenerate.
Hence, for most age-related diseases, age itself is 
the single largest risk factor and – as highlighted 
in a 2005 House of Lords report1 – older people are
disproportionately affected by many specific diseases
and impairments.

Ageing and disease
The three major causes of death, each responsible 
for more than 10 per cent of deaths in the over-65s,
are circulatory diseases, respiratory diseases and cancer.
The most prevalent chronic illnesses, affecting more
than 5 per cent of the over-65s, involve the heart and
circulatory system, the musculoskeletal system,
endocrine and metabolic functions (including diabetes),
the respiratory system and the digestive system.

Coronary heart diseases results from atherosclerosis,
the narrowing of the artery walls by deposition 
of cholesterol and cell waste that can block blood 
supply to the heart and cause a heart attack. Stroke
is caused by an interruption of blood supply to the
brain, due to either a blood clot in an artery or a 
burst blood vessel in the brain. About 125 000 
people a year in the UK have a stroke, 90 per cent 
of whom are over 55. About 70 000 people a year 
die following a stroke, and many people who survive
suffer from disability. 

Cancer affects people of all ages, but death rates
increase with age; in the UK, about 100 000 people
over 70 die of cancer each year. Survival rates from
lung and breast cancer are particularly strongly age-
related, diminishing greatly in the over-70s. Survival
rates for prostate and colorectal cancers begin to
diminish only past the age of 80.

Bones, joints and muscles deteriorate with age. 
This can lead to rheumatic diseases such as arthritis
(inflammation of the joints) and rheumatism (aches
and pains in bones, muscles and joints). About 
5 million people in the UK suffer from osteoarthritis,
which results from the cartilage protecting joints
wearing away. Osteoporosis – reduced bone 
density that increases susceptibility to fractures –
affects one in three women, and one in 12 men, 
over the age of 50.

Ageing and the human body
TIME, HEALTH AND DISEASE

The impact of age is felt throughout the body: no part 
is immune to the passing of the years. By Giles Newton. 
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Over the age of 75, eye and ear problems also become
important. In the UK, more than 4 million people, 70
per cent of whom are over 65, have significant loss of
vision through macular degeneration. Cataracts and
glaucoma are also common causes of sight loss.
Hearing loss, which affects half of all people over 60,
is even more common: about 9 million people have a
significant hearing impairment in one ear or the other. 

Other illnesses that predominantly affect older people
include dementia and Parkinson’s disease. Under the
age of 65, only about one person in a thousand is
affected. Dementia, including Alzheimer’s disease,
rises to affect 25 per cent of those over 85. Parkinson’s
disease affects about 2 per cent of the over-70s.

These conditions (discussed in more detail in the Lords
report) are just some of the diseases and problems
that become more frequent with age. Treatments for
and survival rates from some of these diseases have
improved markedly in recent years, although others
remain incurable – Alzheimer’s disease, for example.
Future advances, and perhaps treatments for today’s
incurable diseases, will undoubtedly come from
studies of individual diseases. But, argue some
researchers on ageing, taking a step back and looking
at the core processes of ageing may be an even more
fruitful approach. If the age-related decline in function
of our cells and tissues could be tackled, many age-
related diseases could be averted or treated. 

Reference

1 House of Lords Science and Technology Committee. Ageing:
Scientific aspects. First Report of Session 2005–06. (HL 20-I).
www.parliament.uk/parliamentary_committees/lords_s_t_select/
stiageing.cfm [accessed 21 June 2006].
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“It’s not growing old as such that alters your 
brain, but how near you are to death,” says Patrick
Rabbitt, Professor of Psychology at Oxford University.
“People’s trajectories of cognitive change vary wildly
and there’s a range of things that make some people
luckier than others when it comes to ageing.”

Longitudinal studies – those carried out over a
number of years – are incredibly useful in working out
how a healthy brain ages. One of the most important
studies, carried out by teams at the University of
Edinburgh and the University of Aberdeen, looks at
data from the Scottish Mental Surveys, two IQ tests
carried out on Scottish 11-year-olds in 1932 and 1947.

Lawrence Whalley, Professor of Mental Health at the
University of Aberdeen, has been re-testing some of the
87 498 people who took the test in 1932 to see how
their individual mental abilities have changed. His team
found that childhood IQ is a powerful determinant 
of success in the adult tests and also contributes 
to the age of death. “Very few of the children scoring
the top scores would be dead by the age of 50,” 
says Professor Whalley.

Why should this be? People with higher IQs tend 
to get better-paid jobs and are better at acquiring
‘health-related behaviours’ – taking health advice,
eating well and exercising. Other socioeconomic factors
are involved, with parental occupation, childhood diet
and education playing their part in successful brain
ageing. People’s behaviour can help preserve certain
functions. “Tasks we practise and continue as we age

we will stay good at, but this won’t improve any 
other abilities,” says Professor Rabbitt, who looked 
at crossword enthusiasts.

The Scottish team also found that a version of the
APOE (apolipoprotein E) gene called ε4 is associated
with decreased mental ability in old age and the change
in ability between the ages of 11 and 80. ε4 also
causes an increased risk of Alzheimer’s disease.

With a number of studies suggesting that people 
with high IQs, better education and more intellectually
stimulating lives are better able to resist brain disease
or injury, the idea of ‘cognitive reserve’ has been
raised – that such people have more of a ‘buffer’
against adverse effects. Perhaps they are more 
adept at using alternative or more extensive neural
networks in the brain when needed. Cognitive reserve
is intriguing but controversial: “The term is used too
much and too loosely in many settings but I think that
reserve could be adapted as a model for cognitive
development right through life,” says Professor Ian
Deary (University of Edinburgh).

Physical changes
So what actually happens when brain function
declines? “Memory, processing speed and inhibitory
processes get a lot of attention,” says Professor
Deary. “They tend to correlate, and when one declines
the others tend to do so too.” Information-processing
speed is age-related and researchers have found that
changes in brain volume, cerebral blood flow and
white matter lesions can account for the losses.

However, changes in other functions, such as IQ and
memory, cannot be explained by these observations.
In one study, Professor Rabbitt saw a rapid decline 
in memory in 18 per cent of the group. Brain imaging
showed that this was associated with volume loss 
in the hippocampus – a brain structure involved 
in memory.

The way our brains age is one of the hot topics in gerontology, and
researchers are looking to the long term to unravel how and why our brains
respond to the ageing process so differently, according to Chrissie Giles.

LONG-TERM GAINS
The ageing brain

Childhood IQ is a powerful
determinant of success in the 
adult tests and also contributes 
to the age of death.
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His team also found that there was little change 
in IQ score between the ages of 60 and 80, unless
people were suffering from an infection or disease.
“A decrease in blood supply to particular brain areas
can cause specific loss of function,” says Professor
Rabbitt. “Hence the biggest effect was seen in patients
suffering cardiovascular disease with diabetes.”

Personality and behaviour
Ageing research doesn’t stop at cognitive function.
Among the stereotypes associated with ageing, 
the ‘grumpy old man’ is one of the best known. 
But how do these brain changes affect our
personality? “Personality doesn’t change hugely 
with age,” says Professor Deary. “There is a
moderately high continuity of traits across long 
time-spans, and the mean changes are small.”

A recently published meta-analysis of 92 studies
found that while young adulthood is the primary
period of personality trait development, personality
change continues into old age, at least for four of 
the six traits examined. People became more
conscientious and agreeable as they aged, but 
lost the social vitality (a facet of extraversion) and
openness to experience many gained early in life. 

“For me, it’s not so much personality change, but 
a change in the types of interaction,” says Professor
Rabbitt. “As you get older you become less self-aware
and more affected by other difficulties which make
you less able to respond to other people and harder
to communicate with.”

Indeed, as people get older they often withdraw 
from the wider society and concentrate on a small
number of close friends. A number of theories attempt
to explain this. Currently, one of the most popular
models is socio-emotional selectivity theory, which
suggests that when people sense time is short, they
prioritise ‘emotionally meaningful’ goals. Instead of
broad social stimulation, these people choose reliable,
close relationships.

An alternative theory is selection, optimisation and
compensation (SOC), which can be applied to all
stages of life. SOC suggests that successful ageing
relies on three steps: the selection of suitable goals;
optimisation of performance (i.e. picking up skills) 
and compensation for any interference you meet.

So while there are general patterns to the way a
healthy brain ages, there is still much variation in how
and when someone’s cognitive function, personality
and behaviour change. “We don’t all lose our marbles
in the same way,” says Professor Rabbitt. “What we
and others are trying to do is to find out why.”

Chrissie Giles is a freelance writer based in London.
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Melton L. How brainpower can help you cheat old age. 
New Scientist 2005 17 December.

Whalley LJ et al. Cognitive reserve and the neurobiology 
of cognitive aging. Ageing Res Rev 2004;3(4):369–82.

Deary IJ et al. The impact of childhood intelligence on later 
life: following up the Scottish mental surveys of 1932 and 1947. 
J Pers Soc Psychol 2004;86(1):130-47.

As you get older you become less
self-aware and more affected by
other difficulties which make you
less able to respond to other people
and harder to communicate with.
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There are plenty of differences between the
mechanisms responsible for different neurodegenerative
diseases. But, argue some experts, the presence 
of intracellular aggregations of misfolded proteins in
such conditions suggeststhe possibility of a common
therapeutic approach.

Although the precise role of these protein aggregations
in the onset and evolution of neurodegenerative
disease is still unclear and subject to heated debate,
there is little dispute that they are hallmarks of many
diseases. In Huntington’s disease, for example,
neurons experience a build-up of a mutant form of the
huntingtin protein. Alzheimer’s disease is characterised
by aggregations of two key proteins – amyloid-β and
tau – and while rare, early-onset cases result from
genetic mutations alone, the majority of cases are
probably due to the interaction of normal ageing
processes, a constellation of as yet unknown genes
and environmental factors. 

For neuroscientists such as Professor David
Rubinsztein (a Wellcome Trust Senior Research 
Fellow at the University of Cambridge), however, 
the key point is that the aggregates are manifestations
of toxic proteins. Stimulating a cell’s natural waste-
disposal machinery could be a neat way to prevent 
the build-up of these proteins, he says. This could 
be achieved by encouraging the removal of soluble
proteins that are the precursors of the aggregates or
the degradation of the protein complexes themselves.
“This approach may be relevant in a wide range of
protein aggregation diseases,” he says.

Professor Rubinsztein and colleagues have already
found that mouse and fly models with Huntington’s
disease fare better if treated with rapamycin than 
do controls. This drug influences a suite of cellular
functions, including stimulation of autophagy – 
which clears away protein fragments from a cell by
surrounding them and ‘consuming’ them. Recent 

research on flies suggests that rapamycin could 
have a similar beneficial effect in other protein
aggregation diseases.

This is great research that opens up the possibility 
of a common therapeutic approach to several different
diseases, says Professor Simon Lovestone at the
Institute of Psychiatry, King’s College London. It is 
the best evidence yet that the protein is the cause
rather than the consequence of pathology, he says.
Nevertheless, in some of these diseases there could
easily be things that are going wrong in the cell before
these proteins accumulate. 

Clinical trials are now underway to test the 
efficacy and safety of drugs designed to interfere 
with the aggregation process in several specific
neurodegenerative diseases. These could help to
clarify the role of toxic proteins, says Professor
Lovestone, and ultimately lead to new therapeutic
targets. Alzhemed, for example – an Alzheimer’s
treatment designed to stop the formation of amyloid
fibrils in the brain and bind up soluble amyloid-β – 
is already in phase lll trials in the USA. The rationale
behind this treatment assumes that amyloid protein
build-up is what is pathogenic. If it doesn’t really work,
this will suggest that the general approach is wrong,
says Professor Lovestone. Perhaps, he adds, there
could be a problem that occurs long before the
formation of amyloid clusters. “If it’s something 
that happens before aggregation, then it gives 
you another target for therapy.” 

There is still so much to learn about the causes 
of neurodegeneration, says Professor Rubinsztein.
Attempting to interfere with the aggregation process
could be very useful, especially in combination with
treatments stimulating clearance of toxic proteins. 
“We need to pursue a variety of angles of attack,” 
he says.

Dr Henry Nicholls is a freelance science writer based in London.

Tackling neurodegenerative diseases
A COMMON APPROACH

Can new treatments prevent or destroy aggregates of toxic proteins
in cells, the hallmarks of Alzheimer’s, Huntington’s and Parkinson’s
diseases? Henry Nicholls investigates.
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As we get older, fatty deposits build up in the 
blood vessels feeding the heart and tissues. When 
the deposits attract cell debris, inflammatory cells 
and smooth muscle cells, they can grow and form
atherosclerotic plaques, which can reduce blood 
flow and starve vital organs of oxygen. If the plaque
dislodges, it can form a clot and cause a heart attack
or stroke. Once seen as an inevitable part of ageing,
atherosclerosis is now viewed as a chronic
inflammatory disease that can be controlled.

Damage limitation
Drugs that lower cholesterol and reduce blood
pressure are the mainstay of treatments to slow the
course of disease. Studies of families where high
cholesterol is common have helped scientists to
unravel the pathway of cholesterol breakdown and
develop cholesterol-reducing treatments such as
statins. These drugs inhibit an enzyme in the liver’s
cholesterol synthesis pathway, reduce circulating
cholesterol, and effectively reduce the risk of heart
attack and stroke. 

They also protect the brain against damage caused 
by stroke, a process called neuroprotection. In mouse
models of acute ischaemic stroke, giving animals
statins before they suffer stroke reduces brain damage.
And the benefits are evident before the drugs have 
a chance to reduce blood cholesterol. According to
Professor Jeffrey Switzer (Medical College of Georgia,
USA), statins may act on an enzyme called endothelial
nitric oxide synthase, which stimulates nitric oxide
production. Increased nitric oxide has anti-inflammatory
and anti-clotting effects, and improves blood flow to 
the brain, he explains. 

Stroke occurs when arteries feeding the brain become
blocked and starve parts of the brain of oxygen, 
which rapidly causes neuron damage. Neuroprotective
agents, infused as soon as stroke symptoms appear,
are the latest tool in trying to minimise that damage 
and reduce the risk of permanent brain injury. However,

results from clinical trials have been disappointing. 
And it may be because it is not just neurons at risk
during stroke – tiny blood vessels and other cells are
also affected and need protection.

So now drugs that target the damaging process are
being tested. For example, free oxygen radicals are
generated during ischaemic stroke, and these can
injure brain tissue. But the free-radical quenching 
agent NXY-059 can reduce neuronal and brain-tissue
injury in experimental animals, and a recent trial has
shown it can reduce disability in stroke patients treated
within six hours of the onset of stroke.

Protective defences
After a heart attack, can the body’s own bone marrow
stem cells repair damaged hearts? Several small trials
have suggested injecting a person’s own stem cells into
the heart can be beneficial, but the improvements are
not always dramatic, and there may be other issues –
the age of the individual and their capacity to produce
new stem cells – that prevent the treatment reaching 
its potential. Professor Michael Marber (King’s College
London) thinks such issues should be explored further:
“If adult progenitors [stem cells] contribute to heart and
vessel repair, it is likely this varies from individual to
individual. We have to study these endogenous repair
processes before marching forward with crude trials.”

For example, new studies in mice show that stem 
cells that can repair damaged tissues are not produced
indefinitely. A team at Duke University Medical Center,
USA, thinks that when repair cells become deficient,
the inflammatory process that damages arteries is 
no longer held in check: the moment characteristic
progenitor cells disappear from the circulation,
atherosclerotic plaques begin to form in blood vessels.
Encouraging renewed stem cell production may help 
to defend against atherosclerosis, and fend off the
ageing process.

Dr Caroline Cross is a science writer based in Reading.

Heart disease is the single biggest cause of death in Western
countries and occurs mainly in old age. Scientists are devising novel
ways to keep it at bay or to repair the damage. By Caroline Cross.

DEFENDERS OF THE HEART
Heart disease and stroke
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Cancer can strike at any time, but it is clear that the
incidence of the disease increases significantly in later
life. At age 65, 30 per cent of deaths in developed
countries are cancer-related, and most of these are
carcinomas – cancers of rapidly dividing cells that 
line the skin and internal organs. There is evidence to
suggest that both cancer and ageing are underpinned
by the body’s response to the accumulation of cellular
damage, particularly damage to DNA.  

The cells in our bodies usually divide only when 
they receive appropriate instructions, helping to 
renew our tissues in a controlled and regulated
manner. Cancer occurs when cells break loose from
this regulation and begin to divide without any external
control. However, cells do not lose control all at once.
Cancer is a progressive disease, often beginning with
the appearance of a group of cells that proliferate
slightly faster than normal (dysplasia), followed by the
formation of a benign tumour in which most of the
cells appear fairly normal. At later stages, the cells
gradually become more abnormal and aggressive;
they break away from the primary tumour to 
seed secondary tumours elsewhere in the body
(metastasis). At this stage the tumour is described 
as malignant. In certain well-studied tumours, each
stage of progression has been linked to a particular
genetic event such as the malfunction of particular
sets of genes.

This process is driven by DNA mutations that 
disable key genes, or that lead to the production 
of malfunctioning proteins. Several different control
circuits have to be disabled, and the chances of these
failing simultaneously are very small, a bit like throwing
six dice and getting six sixes. Unfortunately, not all the
hits have to happen at the same time. A cell can take
one mutation in a crucial gene and carry on much as
normal, but each successive hit in a different critical
gene causes a greater degree of deregulation. The
most deregulated cells proliferate more than their
neighbours, giving a larger population of target cells

for the third hit, and so on. At the same time, 
an important component of cancer progression 
is the acquisition of mutations that make DNA 
more unstable – mutations that encourage further
mutations. As these processes stack up, the genome
becomes increasingly unstable, gene expression
patterns change and the cells themselves become
more and more abnormal. 

When cells turn rogue, our bodies are not
defenceless: they have a selection of mechanisms
that minimise the chances of cancer. These include
specialised immune cells that target tumours, and
specific processes that either cause cancer cells 
to commit suicide (apoptosis), or force them into 
a straitjacket so they can no longer divide
(senescence). As both apoptosis and senescence 
are involved in the process of ageing (see page 18), 
is there a link between cancer and ageing?

Recent research suggests this may indeed be 
the case. One reason that cancer is more prevalent 
in elderly people is simply that it takes time to
accumulate the necessary mutations to trigger
uncontrolled proliferation. However, it may also 
be possible that the very defence systems that 
keep us safe from cancer when we are young 
betray us in later life. 

“When we are young, our bodies usually protect 
us efficiently from cancer by forcing cells into the
apoptotic or senescent pathways when they start 
to misbehave,” says Professor Judith Campisi, 
Senior Scientist at the Lawrence Berkeley National

Cancer rates increase with age, but is this a function of time or of the ageing
processes themselves? Arguably both: as we age, we accumulate more
molecular damage, which underpins ageing and cancer. By Richard Twyman.

WHEN CELLS 
TURN ROGUE
Ageing and cancer

When we are young, our bodies
usually protect us efficiently from
cancer by forcing cells into the
apoptotic or senescent pathways
when they start to misbehave.
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Laboratory, USA. “Senescence is a kind of forced
retirement, where pre-cancerous cells are prevented
from proliferating: the unruly are made to become
good citizens. However, once senescent cells
accumulate in tissues, they begin to affect the cells
around them, and one consequence is that other
nearby cells become more likely to form tumours.”

As time goes by, both pre-cancerous cells and
senescent cells accumulate, particularly in the epithelial
tissues that are most exposed to the environment,
and the chances of them occurring in close proximity
also increase. “The good citizens become bad
neighbours later in life,” says Professor Campisi. 

Senescent cells retire from the cell division cycle 
and enter a permanent non-dividing state; cancer
ensues when the signals establishing senescence 
are overcome. A potential therapeutic approach might
therefore be to re-establish these signals, and force
uncooperative cells back into senescence. This has
already been achieved in cultured cells by expressing
inhibitors of cyclin-dependent kinases (proteins that
help to promote cell division) or by reactivating the
regulator protein p53 (which blocks cell division and
induces senescence or apoptosis). However, the
possibility that senescent cells may actually encourage
cancer means that such approaches, even if practical
in the short term, could be storing up trouble for later.
There is hope, however. “It should be possible to
establish what senescent cells do to encourage
tumours, and then develop drugs specifically to target
that process,” says Professor Campisi. This might be
sufficient to divert pre-cancerous cells from their fate,
thereby helping to protect us from cancer.

Dr Richard Twyman is a science writer based in York.

Further reading

Campisi J. Suppressing cancer: the importance 
of being senescent. Science 2005;309(5736):886–7. 
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We depend on our muscles, bones and joints for our
mobility, but all three weaken with age. Once adults
reach 40, they start to lose 0.5–2 per cent of their
muscle each year. Muscle fibres shrink and reduce 
in number, the mitochondria that produce the power
for the muscle cells become less efficient, and
damage becomes more difficult to repair. If physical
activity declines, a vicious cycle can ensue: the risk 
of diseases that lead to bed rest increases; bed rest
then hastens the decline of the muscles, making
exercise even more difficult. 

While exercise has a clear role to play in healthy ageing
(see page 38), researchers are also making strides in
understanding the causes of musculoskeletal diseases
such as osteoporosis, osteoarthritis and rheumatoid
arthritis, raising hopes for new therapies that can get
older people back on their feet. 

Bones
Dr Jonathan Reeve, head of the Bone Research
Group at the University of Cambridge, is determined
to account for the increasing numbers of hip fractures
in the UK. Osteoporosis – thinning of the bone that
results in breakage – means that between the ages 
of 20 and 80 the risk of hip fracture goes up about
1000-fold. “Why does getting older have such an
enormous effect?” he wants to know.

By studying the structure of femurs from healthy
people of various ages who had died unexpectedly, 
Dr Reeve and his colleagues found that the ageing is
associated with weakening of the bone at a crucial
point. “The top part of the femoral neck gets very thin
and the bottom part doesn’t change at all,” he says.
The asymmetrical thinning means the bone is less

elastic, and therefore more likely to buckle and break
during a fall. This realisation should help to identify
those at most risk of fracture and enable appropriate
action. As bone responds to mechanical loading, the
pattern of thinning in an ageing femur could simply 
be because the legs are no longer being used to their
full range. Squatting, suggests Dr Reeve, might be a
particularly good way of maintaining bone thickness 
at this vulnerable spot. 

Putting bones through their paces helps to keep 
them strong, agrees Professor Stuart Ralston, head 
of the Rheumatic Diseases Unit at the University of
Edinburgh. “If you really pump iron, you can increase
your bone mass.” However, the benefit of exercise
could, in part, be down to its effect on muscles rather
than on bone. Well-toned muscles should reduce the
risk of falling and thereby the risk of fracture, he says.

In time, the hope is that more direct treatments for
osteoporosis will be found. Ultimately, for example, 
it might be possible to treat localised thinning by
seeding the site with new bone cells cultured from 
the individual’s marrow. There is, for example,
considerable interest in finding ‘scaffolds’, artificial
materials that can provide a sound structural basis 
for new bone.

People suffering from sclerosteosis have bones 
that continue to grow where they should have
stopped. This rare condition is caused by a mutation
in the gene encoding sclerostin, a protein that inhibits
bone formation. This molecule turns out to be
secreted by osteocytes – retired bone-forming cells
that are sucked down and buried in the bone matrix.
But for about two weeks after their entombment, the
osteocytes do not synthesise this protein, allowing
bone formation to continue. Clearly, a drug that
prevents the synthesis or disrupts the action of this
protein might benefit those suffering from
osteoporosis, says Dr Reeve. 

Helping muscles, bones and joints
MOVING FORWARD

As we get older, bones thin, muscles waste, joints seize up, and the
risk of falling increases. Henry Nicholls asks whether there are ways
of breaking this cycle of declining mobility.

If physical activity declines, 
a vicious cycle can ensue.

«
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Joints
A similar approach is yielding new targets for
treatment of osteoarthritis – the wear and tear of 
joints that accumulates with age. Dr John Loughlin
(University of Oxford) and colleagues homed in on
around 500 families where siblings have osteoarthritis.
This helped them to identify two mutations in 
FRZB, a gene that regulates the development and
maintenance of cartilage through a fundamental signal
transduction pathway. “The cartilage is no longer able
to maintain itself and falls apart,” says Dr Loughlin.

Although it might help to restore normally active 
FRZB to the cells in diseased joints, perhaps through
a self-administered insulin-like injection into a pained
joint, FRZB is only one of several molecular culprits
that have been identified. Just to complicate matters,
there is a very large environmental component to the
disease, says Dr Loughlin. Intriguingly, however, some
of the other genes associated with osteoarthritis seem
to be clear risk factors in some populations but not in
others. While this illustrates the complexity of the
disease, it could offer a way to tease apart the role
played by different genetic and environmental triggers,
he says.

Clearly, patients that present with more than one 
of these complex diseases can find one problem
exacerbating another. It is important for clinicians 
to remember that addressing each condition in
isolation may do very little for a frail patient, says
Kenneth Rockwood, Professor of Geriatric Medicine 
at Dalhousie University in Canada. Stepping back 
and gauging the frailty of a patient could be a good
way to monitor the overall effect that ageing is 
having, he says.

Dr Henry Nicholls is a freelance science writer based in London.
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It’s said life begins at 40, but with life expectancy 
now reaching 81 years for women and 77 for men 
in the UK, more of us can look forward to living longer
than previous generations. And while the way we age
is heavily influenced by our genes and upbringing,
there’s still much that people can do to affect the 
way they grow older.

“Time trends and international comparisons show 
that environmental and behavioural factors have a big
influence on ageing,” says Kay-Tee Khaw, Professor 
of Gerontology at the University of Cambridge. “There
is evidence that chronic diseases – such as heart
disease, stroke and arthritis – can be postponed.”

One of the keys ways to try to limit ageing is to
prevent damage to the cells and tissues of the body.
“Smoking is one of the most damaging things you 
can do,” says Professor Khaw. “The biological age 
of people who smoke is much higher than those 
who don’t.” Other factors that can accelerate ageing
include drinking too much alcohol and exposure to
infections, radiation and pollution. 

Getting physical
Healthy ageing is not just about avoiding bad habits
and damaging environments, but also about taking a
proactive role in your own wellbeing. “Physical activity
is important, both to burn up energy and increase
muscle mass, which is important for physical as well
as mental health,” says Ricardo Uauy, Professor of
Public Health Nutrition at the London School of
Hygiene and Tropical Medicine.

Keep Fit for Life, a report published by the World
Health Organization, recommends older people take
at least 30 minutes of aerobic exercise every day,
along with strength training two to three times a week.
Other reasons to swap the slippers for sports shoes
include findings that regular exercise over the long
term is associated with reduced musculoskeletal pain
and later onset of Alzheimer’s disease and dementia.

Strength training is thought to reduce the risk of
osteoporosis and the symptoms of heart disease,
arthritis and type 2 diabetes, as well as improving
sleep and reducing depression. “The things that
cause brain changes as you age can be modified by
lowering risk factors for heart disease, so if it’s good
for your heart then it’s good for your head,” points out
Professor Lawrence Whalley (University of Aberdeen).

Energy demands are lower for older people, so 
the right diet is essential for successful ageing too.
Even ‘good’ diets may be nutritionally lacking because
older people often have problems forming, absorbing
or using some nutrients. For example, older people
form less vitamin D in their skin and, despite eating
foods high in vitamin B12, may not be able to release
it from their food owing to limited acid production in
the stomach. 

A diet rich in nutrient-dense, low-calorie foods such
as semi-skimmed milk, lean meats, vegetables and
fruit is recommended. Eating small meals several
times a day and choosing wholegrain foods will 
help prevent high blood sugar after a meal.

Professor Khaw’s work also underlines the importance
of diet. As part of the EPIC (European Prospective
Investigation into Cancer and Nutrition) study, taking
place across ten European countries, her team has
spent 15 years studying over 30 000 older people
from Norfolk. They are looking for links between diet
and a range of diseases including cancer, arthritis,
osteoporosis and Alzheimer’s disease. For example,
the team has found that consuming extra vitamin 
C – equivalent to the doctor’s favourite of an apple 
a day – cuts the risk of dying early by 20 per cent.

Promoting healthy ageing
ACT YOUR AGE

With a greater proportion of the UK population aged over 65 than
ever before, scientists are looking at the ways we can enjoy a longer,
happier and healthier old age. By Chrissie Giles.

Healthy ageing is not just about
avoiding bad habits and damaging
environments.
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Another finding is that people who consume the least
salt (about 5 grams daily) in everyday life have lower
average blood pressure, and are at half the risk of
having high blood pressure, compared with those 
who consumed the most salt (about 10 grams daily).

Think positive
Mental wellbeing also plays a vital role in a happy,
healthy older age. Professor Felicia Huppert (University
of Cambridge) subscribes to the ‘positive psychology’
movement, emphasising the importance of a positive
outlook throughout life. “Ageing shouldn’t just be about
the absence of disorder but about being the most
happy and effective person you can be,” she says.

But how can you feel good about getting older,
especially if you suffer from chronic conditions?
“Despite what the media tells us, being happy has
nothing to do with money, fame or consumption,”
says Professor Huppert. “What’s really important 
is a good relationship with family and friends.”

Research has shown that volunteering and charity
work can improve subjective wellbeing, and that 
older people receiving support from their peers 
show benefits, including diminished depression,
relative to those who aren’t. “A lot of scientific studies
emphasise the importance of social support for the
elderly, but most people need to give it, not just
receive it, to feel engaged,” says Professor Huppert.

There are many things we can do to try to ensure a
healthy and happy old age, and the earlier we start 
in life, the better. “Ageing is a continuous process,”
says Professor Uauy. “We need to be concerned 
with it at all stages of our lives.”

Chrissie Giles is a freelance writer based in London.

Further reading

Keep Fit for Life: Meeting the nutritional needs of older persons.
Geneva: World Health Organisation; 2002.
http://whqlibdoc.who.int/publications/9241562102.pdf 
[accessed 17 July 2006].

EPIC study: www.iarc.fr/epic/.
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Life expectancy at age X in a population is the average
number of years of life remaining to people aged X.
Thus life expectancy at birth is equal to the average
age of death. But if life expectancy at birth is, say 76
years, this does not mean that life expectancy at the
age of 75 is down to 1 year; for the people tough
enough to get to 75 it is more likely to be nearer 10.
Even at the age of 100, life expectancy is still around 
3 years. 

But most people are more interested in the quality 
of life than in its length. Policy makers, too, need 
to know whether an increase in longevity in their
population is due to people surviving longer because
they are healthier or due to their being kept alive longer
in ill health. The idea of healthy life expectancy is to
calculate the average number of years between any
particular age and the onset of the period of chronic
irreversible illness that so often precedes death. 

Defining healthiness is not straightforward, however. 
If a man has a ‘disease’ that is so well treated that 
it has no significant effect on his life, is he ‘healthy’ 
or ‘unhealthy’? This is a growing issue as medical
advances bring more effective approaches to the
control of symptoms and prognosis in chronic disease.
There are also issues of bias and interpretation in data,
such as the self-reported information collected by the
National Household Survey. For example, people of
working age would rather be ‘unable to work’ because
of ill health than ‘unemployed’. 

Disability-free life expectancy
For individuals, what matters chiefly about ill health 
is the disability and dependency it may cause,
especially in old age. Disability-free life expectancy 
at any age is the average number of future years of 
life without disability. Disability is defined as a deficiency
in functional ability and should be distinguished from
‘impairment’, which is loss or derangement of some
part or organ of the body. Loss of a little finger is an
impairment, but whether it causes disability depends 

on the person affected; a concert pianist might well be
disabled, but the abilities of most other people would
be unaffected. 

Disability arises when there is an ‘ecological gap’
between what an individual can and (reasonably 
and appropriately) wishes to do, and what his or 
her environment demands in order that the thing 
can be done. The gap can be closed therapeutically 
by improving the individual’s abilities, or prosthetically
by reducing the demands of the environment. Broadly
speaking, therapeutic approaches to disability are the
responsibility of health services and prosthetic remedies
of social services. Disability-free life expectancy could
therefore be a useful measure for policy makers, as it 
is a global index of the incidence of disabling disease
interacting with the effectiveness of medical and 
social responses.  

Future trends
Research projects among older people in England
indicate that those in upper social classes enjoy longer
than average disability-free life expectancy. Historically,
the health of socially disadvantaged groups tends 
to trail behind the upper classes but to move in the
same direction over time. We may predict therefore 
that disability-free life expectancy will increase in the
next two decades, provided the economy sustains
improvements in standards of living. But it will not be
sufficient to await spontaneous improvements; given
the inevitable ageing of the population, people will 
need to be fit and ready to work longer to maintain 
the productivity of the nation and the self-sufficiency 
of its citizens. Further research and action are required.

As ageing is characterised by the loss of ability 
to survive illness, the longer we delay the onset of
potentially disabling diseases such as stroke or heart
attacks, the shorter the likely period of disability. More
effective practice of preventative lifestyles and medicine
will therefore lengthen disability-free life expectancy.
Health policy and research need to give appropriate

A HEALTHY OLD AGE

Do increases in life expectancy simply mean that people are spending
additional years with ill health or disability? By Sir John Grimley Evans.

Disability-free life expectancy
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priority to the prevention and treatment of non-fatal but
disabling diseases. Equally important in seeking ways
to delay the onset of disability in middle and later life is
research into basic ageing processes, for example the
mechanisms of age-associated loss of muscle power.

In the USA, improvements have closely followed
increases in education levels in the population. In
addition to its association with working conditions 
and wealth, education enables people to understand
and benefit from advances in knowledge about medical
and socioenvironmental influences on health, and to
avoid wasting money on the specious and harmful. 
Of the three approaches to encouraging better lifestyle
– education, opportunities and incentives – national
policy has not given enough attention to the last two.
For example, transport policy could do more to
encourage walking and cycling, and public–private
collaboration might allow profit margins on junk foods
to subsidise the cost of fruit and vegetables.

Comment
Do increases in UK life expectancy simply mean that
people are spending additional years with ill health or
disability? In the USA at least, this does not appear 
to be the case; the prevalence of disability in later 
life has fallen since the 1980s. But for most other
countries, including the UK, we do not know, because
there are no adequate long-term data. There is certainly
no evidence that UK disability levels in later life are
falling; but the US experience shows that they could 
be made to fall.

Sir John Grimley Evans is Emeritus Professor of Clinical Geratology
at the University of Oxford.

Further reading

Manton KG, Gu X. Changes in the prevalence of chronic
disability in the United States black and nonblack population
above age 65 from 1982 to 1999. Proc Natl Acad Sci USA
2001;98(11):6354–9.

Nusselder WJ et al. The contribution of specific diseases 
to educational disparities in disability-free life expectancy. 
Am J Public Health 2005;95(11):2035–41.



The last decade has seen major advances in our
understanding of biogerontology – the biology of
ageing. These developments raise serious questions
about future impacts of this field. How can such an
understanding be best applied for the benefit of older
people? And how can its misuse be prevented? 
The greatest potential benefit would be new and
effective treatments for the diseases of ageing, 
such as cardiovascular disease, cancer and
Alzheimer’s disease. As for misuse, this is already 
a growing problem as optimism about treating 
ageing is exploited by a proliferation of practitioners 
of bogus ‘anti-ageing medicine’ (see box). 

Lessons from the past 
Perhaps we may look to the past as a guide to the
future. In the 19th century, up to a quarter of deaths 
in Europe were caused by tuberculosis, resulting 
from infection with the bacterium Mycobacterium
tuberculosis. As recently as 1950, there were 50 000
new cases each year in England and Wales. Palliative
treatment of tuberculosis in purpose-built sanatoria
was a major industry. Tuberculosis was finally
defeated by the pursuit of treatments for bacterial
disease as a whole: antibiotics. Streptomycin was 
first used successfully against tuberculosis in 1944 to
cure a 21-year-old woman known as ‘Patricia’. By the
mid-1950s, the omnipresent fear of tuberculosis had
become a thing of the past.

Today, one of the most dreaded of diseases is
Alzheimer’s. There are currently over 400 000 
people in the UK with this neurodegenerative disease,
sometimes called a living bereavement. This number
is predicted to rise to around one million by 2050 – 
a terrible prospect. Alzheimer’s is currently a major
focus of medical research worldwide; for example,
over half of the current research budget of the US
National Institute on Aging is spent on it.

What has this to do with tuberculosis? There are
parallels. Diseases from tuberculosis and bubonic
plague to syphilis are all caused by infection with
bacterial pathogens, and are all treatable using
antibiotics. Likewise, the primary cause of most 
cases of Alzheimer’s is the same as that of many
other diseases, ranging from other neurodegenerative
diseases such as Parkinson’s disease to
cardiovascular disease (leading to heart failure and
stroke) and late-life cancer (particularly carcinomas).
That primary cause is the ageing process itself.

What is the feasibility of the equivalent of antibiotics
for diseases of ageing? This might sound like science
fiction, but numerous recent studies on animal models
suggest that this approach could work. By various
experimental manipulations of gene function,
hormones, diet and reproduction, scientists have
achieved substantial increases in healthy lifespan in
nematode worms, insects and rodents. In mice, for
example, increases in lifespan of up to 80 per cent
have been engineered. Strikingly, these mice are
protected against a range of ageing-related problems:
not only greying hair, cognitive decline and cataracts,
but also the mortal diseases of mouse ageing such as
cancer and kidney disease. Ageing is not inexorable,
or set in stone: it is susceptible to manipulation. 

Yet research into ageing-related diseases is 
currently carried out in a largely piecemeal fashion,
with separate fields of study dedicated to individual
diseases. Even within Alzheimer’s research, there are
different sub-disciplines focusing on understanding
the mysterious amyloid plaques and neurofibrillary
tangles that appear in the brains of people with
Alzheimer’s. Arguably, what we really need to
understand is the nexus between the underlying
cause – the ageing process – and the consequent
multiplicity of pathologies of ageing. This route could,
in principle, lead to broad-spectrum treatments
against these diseases, promoting healthy ageing. 

The Achilles heel of diseases of ageing?
THE BIOLOGY OF AGEING 

How sensible is it to seek to understand and treat diseases of ageing
piecemeal? Calls are growing for a major strategic shift in the search 
for cures, as David Gems explains.
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The future
So do we need a major reform in research strategy,
focusing on the biology of ageing as the key to
treating ageing-related diseases? A call for such 
a change was recently made by a group of US
scientists and policy makers, including Jay Olshansky,
an epidemiologist from Chicago University, and 
Daniel Perry of the Alliance for Aging Research in
Washington, DC. They point out that of the $28 billion
2006 budget for the US National Institutes of Health,
less than 0.1 per cent goes towards understanding
the biology of ageing, and have called for Congress 
to invest $3bn annually in a combined effort to
understanding ageing and its attendant diseases
(including $1bn earmarked for biogerontology). 
They propose as a target for this initiative seven 
extra years of healthy life.

In the UK, the recent House of Lords Science 
and Technology Select Committee report on 
scientific aspects of ageing stressed the need for
greater funding and better coordination of research 
on the underlying biology of ageing, which is a start.
But a real danger is that when the need for
translational research becomes critical, and the
political will for change is mustered, the UK will lack
sufficient means to make it happen quickly. These
means include infrastructure (including suitably
configured translational research institutes) and 
a strong community of researchers working on
biogerontology and ageing-related diseases. Lack 
of these could greatly delay the arrival of the day
when the first ‘Patricia’ of Alzheimer’s, responding 
to a broad-spectrum treatment of biological ageing,
recovers her senses. 

Dr David Gems is Reader in the Biology of Ageing at the 
Centre for Research on Ageing, Department of Biology, 
University College London.

AN AGE-OLD SCAM

“Since my anti-ageing doctor started me on
supplements of growth hormone, DHEA and
testosterone, with mega-doses of antioxidants
and chelation therapy, I feel like a new man!”
And with a sly wink, he adds: “And I feel like 
I’m 20 years old with my wife. It’s just amazing.”

The last decade has seen a massive growth of so-
called anti-ageing medicine, typified by this sort of
testimonial sales pitch. This might seem surprising,
since there are currently no verified treatments for
human ageing, yet duping the elderly by selling them
bogus treatments for ageing is a venerable tradition.
Today it is big business: according to the American
Academy of Anti-Aging Medicine (A4M) the US anti-
ageing industry alone rakes in $56 billion annually. 

Let the buyer beware, one might argue – they 
only have themselves to blame. Yet surely elderly
consumers need some form of protection against 
this racket. For starters, the anti-ageing scam may 
be harmful in a number of respects. First of all, some
treatments may be detrimental to health: for example,
growth hormone ‘supplements’ can cause high blood
pressure and tumour growth. Secondly, consumers
may misguidedly use ineffective treatments in place 
of validated therapies that could really help them.
Thirdly, people may hurt themselves financially by
frittering away their limited resources on futile therapies. 

For biogerontologists, the knowledge that their
discoveries may be misused to swindle elderly 
people is particularly depressing. Individual
researchers have tried to speak out against bogus
anti-ageing treatments and practitioners, but this 
can be a tricky business. Ageing researchers Jay
Olshansky and Thomas Perls recently lampooned 
the A4M, and are now facing a $125 million lawsuit.
Ultimately, only legislation can reduce this form of
exploitation of older people. 
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If some of the more fanciful media reports are to 
be believed, humans might be living to 200, 500 or
even a thousand years within the foreseeable future.
The truth, however, is that everything we are learning
about the science of ageing suggests that radical life
extension is so far away, should it prove feasible at 
all, that we should rein in the wilder flights of fancy.

The hope for progress must come through the 
clear indications for malleability of the ageing process
itself. There is plenty of evidence for this, both from
the demography of recent decades and from basic
science. In order to exploit this malleability we need 
a more detailed understanding of the complex
mechanisms that underlie ageing and age-related
disease and of how known environmental factors,
including exercise and nutrition, modulate these
mechanisms. Armed with this knowledge we will be
able to design better ways to deliver increased health
and vitality in our later years.

Contrary to those who like to think that ageing 
begins at 40, 50 or 60, we are learning that the
underpinning mechanisms of ageing play out their
mischief throughout the life course. The damage 
that will shape our health in old age has been
accumulating within our cells since the earliest 
days of life in the womb. This means that we need 
to harness the fruits of research on ageing not only 
for today’s older people but also for tomorrow’s.
Appreciating the life-course nature of ageing helps
surmount the objection sometimes raised against
research on ageing, namely, that we should set a
lower priority on research for old people who have
had their ‘innings’ already. Indeed, if we can deliver 
a world that gives greater health to older people, 
it will be our children and grandchildren who will
benefit the most.

Given the complexity of ageing, a ‘pill’ for longer life
seems an unlikely bet, but we should remain open 
to the fruits of research on model systems. In recent
years we have learned much about how nutrient-
sensing and insulin-signalling pathways affect the 
rate of ageing in worms, flies and mice. It would 
be surprising if similar processes were entirely 
without effects in humans, but we should beware 
of too readily making the jump between species. 
The biological response to the level of available 
energy is perhaps one of the most intense objects 
of natural selection. As the disposable soma theory 
has shown, it can hold the key to understanding 
why ageing occurs at all. Yet species differ in the
ecological significance of energy fluctuation, and it
may very well be that we humans are better buffered
against ups and downs than are smaller animals.

Will life expectancy continue its current increase? 
Or will it, as many expect, either settle to some
plateau or even fall, through the spreading effects 
of obesity and sedentary lifestyles? It is hard to
answer these questions with confidence, and 
so we need flexibility in our plans. Without a
fundamental change in our biology, indefinite 
increase seems unlikely and a future plateau 
seems the best bet. But at what level? If, however, 
the worst happens and life expectancy reaches a
peak and then declines, research on ageing will 
lose none of its urgency. This is because the 
adverse effects of unhealthy lifestyles accelerate 
the build-up of damage that causes ageing itself.

Whatever the future holds for ageing, it will be a time
of great scientific interest and one in which science
will have much to contribute to helping us succeed 
in one of the really great challenges of our time.

Professor Tom Kirkwood is Co-Director of the Institute 
for Ageing and Health, Henry Wellcome Laboratory for
Biogerontology Research, University of Newcastle upon Tyne.

Progress or plateau?
THE FUTURE OF AGEING 

There are realistic prospects of longer, healthier lifespans, 
but research remains a priority, and we must guard against 
potential new ageing risks. By Tom Kirkwood.
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FOREWORD

We are living through a revolution in ageing. 
People are living longer than they ever have before, 
life expectancy at birth is still rising by two years every
decade, and the oldest age groups are those fastest
growing in numbers. In the 1950s, the Queen sent 
out 200 or so telegrams each year to people on their
100th birthday; in 2005, 4623 centenarians received 
a telegram. Such advances are testimony to the
power of modern medicine and public health, with
people reaching their later years in better health and
with better quality of life. 

Yet, as this issue of Wellcome Focus shows, ageing 
is not just about older people. The last few years have
brought many insights into the fundamental mechanisms
of ageing, showing that we begin ageing at the very
early stages of life, and that the choices we make and
the lifestyles we lead throughout our youth and adult
years influence how we age. Our bodies age through
the accumulation of damage to our cells throughout life,
influenced by our genes, the food we eat, the amount
we exercise, and the environment that surrounds us.
Not surprisingly, ageing is highly individual.

Our knowledge of the biology of ageing is already
informing the development of new treatments for 
age-related diseases – many of which are, at their
core, driven by the ageing of our cells and tissues –
and are bringing new ways to keep people healthy
and vigorous for many more years than before. If in
the future the core processes of ageing themselves
become treatable, might we be able to tackle age-
related diseases en masse? Or perhaps, one day,
enable people to live longer than Jeanne Calment’s
remarkable 122 years and five months? Such fascinating
questions may take years to answer, and will
undoubtedly engender hot debate in the meantime. 

Dr Mark Walport
Director of the Wellcome Trust

Introducing Wellcome Focus…
Research seems to progress at ever faster rates, 
and even specialists struggle to keep up with the
deluge of information constantly being generated.

This information ends up in the primary literature, 
but that is a daunting starting point for anyone who
does not already have a detailed understanding 
of an area. On the other hand, material for general
audiences often focuses on healthcare delivery 
– but it can take a long time for the impact of 
new discoveries to be felt in medical practice.

With Wellcome Focus, we hope to fill the gap. 
We hope to provide an overview of an area of
medicine and key research issues within it. Our 
belief is that this will be of value to a wide range 
of people, including: professional scientists reading
outside their own area; healthcare workers of all
descriptions; teachers looking for authoritative and
topical resources for their students; other people 
with a professional interest in science and medicine;
and, not least, members of the general public who 
are looking for a balanced and accessible insight 
into key issues in human health.

Wellcome Focus is available free (see inside back
cover for ordering details).

Introducing the Wellcome Trust…
The Wellcome Trust is an independent biomedical
research-funding charity, established under the 
will of Sir Henry Wellcome in 1936. It is funded 
from a private endowment, which is managed with
long-term stability and growth in mind. Its mission 
is to foster and promote research with the aim of
improving human and animal health.

On the web
All the articles in this issue of Wellcome Focus can 
be found online at www.wellcome.ac.uk/ageing.

Plus articles on:
• the benefits of exercise for older people
• ageing in Africa
• ageing and old age in film
• ageing and the immune system.

www.wellcome.ac.uk

Wellcome Focus provides an overview of an area of medicine
and key research issues within it, through a mix of review
articles, personal comment and research reports. It aims to
provide scientists, healthcare workers, teachers, people with 
a professional interest in science and medicine, and interested
members of the general public with a balanced and accessible
insight into key issues in human health. It is available free 
(see inside back cover for ordering details).

The Wellcome Trust is an independent biomedical
research-funding charity, established under the 
will of Sir Henry Wellcome in 1936. It is funded
from a private endowment, which is managed 
with long-term stability and growth in mind.

The Wellcome Trust’s mission is to foster and
promote research with the aim of improving
human and animal health. During 2005–2010, 
our aims are:

Advancing knowledge: To support research 
to increase understanding of health and disease,
and its societal context

Using knowledge: To support the development
and use of knowledge to create health benefit

Engaging society: To engage with society to
foster an informed climate within which biomedical
research can flourish

Developing people: To foster a research community
and individual researchers who can contribute 
to the advancement and use of knowledge

Facilitating research: To promote the best
conditions for research and the use of knowledge

Developing our organisation: To use our
resources efficiently and effectively. 

Science Editor
Dr Giles Newton

Editorial staff
Tom Freeman

Additional writing
Penny Bailey

Design
Marianne Dear

Art direction
Anne-Marie Margetson

Photography
David Sayer

Project Manager
Lucy Moore

Design Manager
Jag Matharu

Publisher
Ian Jones

Printed by
Empress Litho

Acknowledgements
We are grateful to Tom Kirkwood
and David Gems for their invaluable
advice during the preparation of
Wellcome Focus. We would also
like to thank everyone who agreed
to be interviewed, who contributed
articles and who contributed
content, and the following for their
help with the photography: Oliver’s
Clock Shop, Brighton; Baytree Hotel,
Pevensey; Deluxe Bingo, Eastbourne;
Mr David’s Hairdresser, Eastbourne;
Cumberland Hotel, Eastbourne;
Michael Pearce, Back To Health,
Hove; Litlington Nursery, Polgate;
Vera Meadows, Jennie Meadows
and Ben Fenner-Meadows; 
Gerda Woolf-Timms, Sonja Friel.

Comments and suggestions are
welcome, and should be sent to:

Ian Jones, Publisher
Publishing Group
Wellcome Trust
Gibbs Building
215 Euston Road
London NW1 2BE, UK
E publishing@wellcome.ac.uk

Wellcome Focus is available free 
of charge; to order copies, go to:
www.wellcome.ac.uk/
wellcomefocus

Or contact:
Publishing Department
Wellcome Trust 
FREEPOST ANG 6754
Ely CB7 4YE
T +44 (0)20 7611 8651
F +44 (0)20 7611 8242
E publishing@wellcome.ac.uk

All rights reserved. No part of this publication may be
reproduced, stored in a retrieval system or transmitted,
in any shape or form by any means electronic,
mechanical, photocopying, recording or otherwise
without the prior permission of the Wellcome Trust. 
The views and opinions expressed by writers within
Wellcome Focus do not necessarily reflect those of the
Wellcome Trust or Editor. No responsibility is assumed
by the publisher for any injury and/or damage to
persons or property as a matter of products liability,
negligence or otherwise, or from any use or operation
of any methods, products, instructions or ideas
contained in the material herein.

ISBN 1 84129 063 7. First published by the Wellcome
Trust, 2006. © The Trustee of the Wellcome Trust. The
Wellcome Trust is a registered charity, no. 210183. Its
sole Trustee is The Wellcome Trust Limited, a company
registered in England, no. 2711000, whose registered
office is 215 Euston Road, London NW1 2BE.

DC-3555.p/15K/08-2006/MD



WellcomeFocus

AGEING
CAN WE STOP 
THE CLOCK?


