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Research on healthy ageing lacks an agreed conceptual framework and has not adequately
taken into account the growing evidence that social and biological factors from early life
onwards affect later health. We conceptualise healthy ageing within a life-course framework,
separating healthy biological ageing (in terms of optimal physical and cognitive functioning,
delaying the onset of chronic diseases, and extending length of life for as long as possible)
from changes in psychological and social wellbeing. We summarise the findings of a review
of healthy ageing indicators, focusing on objective measures of physical capability, such
as tests of grip strength, walking speed, chair rises and standing balance, which aim to
capture physical functioning at the individual level, assessing the capacity to undertake
the physical tasks of daily living. There is robust evidence that higher scores on these mea-
sures are associated with lower rates of mortality, and more limited evidence of lower risk of
morbidity, and of age-related patterns of change. Drawing on a research collaboration of
UK cohort studies, we summarise what is known about the influences on physical capability
in terms of lifetime socioeconomic position, body size and lifestyle, and underlying physio-
logy and genetics; the evidence to date supports a broad set of factors already identified
as risk factors for chronic diseases. We identify a need for larger longitudinal studies to
investigate age-related change and ethnic diversity in these objective measures, the dynamic
relationships between them, and how they relate to other component measures of healthy
ageing. Robust evidence across cohort studies, using standardised measures within a clear
conceptual framework, will benefit policy and practice to promote healthy ageing.

Life course: Epidemiology: Healthy ageing: Physical capability: Cohort studies

Rationale for studying healthy ageing

Research on the factors that influence healthy ageing has
become a priority of governments and funding agencies
to inform strategies for reducing societal and individual
costs of an ageing population. For example, living a
long and healthy life is a key research priority theme
in the current UKMedical Research Council (MRC) stra-
tegic plan(1). Improvements in life expectancy that under-
lie population ageing should be heralded as a success but
the societal costs of population ageing, particularly at
a time of economic austerity, are more often the focus of

debate. This is partly because there is little evidence, or in-
consistent evidence, about whether improving trends in
life expectancy are matched by similar trends in health
gain, or the compression ofmorbidity.Mortality andmor-
bidity trends do not necessarily change in parallel(2).
Whether population cohorts now reaching older ages
are healthier than earlier born cohorts, and if they are heal-
thier, what the main reasons for this are remain major
areas of debate, and the answer is likely to be highly
dependent on which aspect of health is being compared.

There are a number of conceptual and measurement
challenges in the field of healthy ageing. One major
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challenge is the lack of an agreed conceptual framework,
and no standard operational definition. A commonly
cited review of ‘successful ageing’ notes twenty-nine dif-
ferent operational definitions across twenty-eight differ-
ent studies up to 2005(3). Since then there has been
much more research in this area but little progression
on the conceptual framework. The term ‘successful age-
ing’ is problematic: it encourages unattainable ideals of
success and inappropriate ideas of failure; takes little ac-
count of the variation in environmental challenges that
individuals face; appears to promote the idea that older
people should act like younger people for as long as poss-
ible; and questions whether functional decline is inevi-
table, placing prime responsibility to delay decline on
the individual. Measures used in studies of healthy age-
ing commonly use criteria that distinguish the least
healthy individuals rather than identifying those in the
best of health, and often do not investigate variability
across the whole spectrum. For example, physical func-
tioning, one of the most commonly included components
in definitions of healthy ageing(3), is often operationalised
using self-reported measures of physical disability.
Finally, we know little about whether the factors across
life that promote healthy ageing are the mirror image
of risk factors for the development of chronic disease,
nor to what extent early life factors may be influential,
as has been increasingly recognised for chronic disease
risk. Systematic reviews and meta-analyses have become
common in the chronic disease literature; a few exist for
healthy ageing, limited in part by the lack of standard
definitions of the outcome.

The first purpose of the present paper is to provide a
life-course conceptual framework for healthy ageing,
identifying the key components and inter-relationships
that the research agenda needs to address. We then
focus on one of these key components, physical capa-
bility, the capacity to undertake the physical tasks of
daily living. The second purpose is to summarise our
findings on physical capability measures from an ongoing
MRC-funded review to produce guidelines on markers of
healthy ageing. This review had two main objectives: to
identify objectively assessed indicators of healthy ageing
that are commonly used in population-based studies, eas-
ily applied in a range of settings, and exhibit meaningful
variation from midlife onward; and to review the evi-
dence for the suitability of these measures as markers
of healthy ageing in terms of the patterns of age-related
change in later life and prospective associations with im-
portant health outcomes. The third purpose of the pres-
ent paper is to briefly summarise what is known about
the lifetime determinants of physical capability, building
on our recent reviews of the literature(4). This includes
the findings on physical capability from the Healthy
Ageing across the Life Course (HALCyon) cross-
cohort research programme, funded by the UK New
Dynamics of Ageing cross council programme
2008–2013(5). We conclude with a discussion of the
most fruitful areas for further research on physical capa-
bility in order to be able to compare results across studies
and build up a strong evidence base to inform policy and
practice to promote healthy ageing.

Conceptualising health, ageing and healthy ageing in
a life-course framework

Health is a multi-dimensional concept, capturing how
people feel, and how they function from the individual
to the cellular level. Evolving classifications define dis-
eases and disease risk using a constellation of signs, symp-
toms and assessments of impaired function. Health and
disease reflect the ability of an organism to respond adap-
tively to environmental challenges(6). Thus, a dynamic
concept of health across life is needed, not just an assess-
ment of health status at one point in time. Health can be
seen as the ‘ability to adapt and self-manage’(7), based on
resilience to cope and maintain and restore one’s integ-
rity, equilibrium, and sense of wellbeing in three areas:
biologically, in terms of physiological resilience; men-
tally, in terms of capacity to cope; and socially, in
terms of the capacity to fulfil potential and obligations,
manage independent living, and social participation.

Development and ageing refer to the changes in health
with age. Health capital or ‘reserve’ is built up during de-
velopment and reaches a peak or plateau at maturity.
The progressive, generalised deterioration in function
post maturity can be thought of as ‘biological ageing’
or ‘senescence’; the generally accepted disposable soma
theory of ageing suggests that this is caused by the
accumulation of molecular and cellular damage from
environmental insults and chance(8).

A life-course perspective extends these ideas by inves-
tigating the biological and behavioural pathways that
link physical and social exposures during gestation,
childhood, adolescence and adult life, to changes in
health and disease risk later in life(4,9–11). Life-course
functional trajectories (as illustrated in Fig. 1) for body
functions (e.g. muscle, lung) or structures (e.g. bone
mass), are used as a dynamic way of studying lifetime
influences on health and disease risk; these trajectories
capture the natural history of biological systems which
display rapid growth and development during the pre-
natal, pre-pubertal, and pubertal periods, reaching a
peak or plateau at maturity (‘structural or functional re-
serve’) and then a decline with age; there is much vari-
ation between individuals in the patterns and rate of
decline that may be gradual or accelerated; and the age
at onset of decline. Exposures in early life, particularly
during a critical developmental window, may leave
imprints on the structure or function of body systems;
and epigenetic mechanisms may contribute to these pro-
cesses. This developmental plasticity may affect reserve
without appreciable effects on the rate of decline, or
may interact with biological ageing processes to acceler-
ate functional decline. Exposures after the developmental
period can only affect the timing of onset and patterns
and rate of decline.

Defining healthy ageing

In our recent work(4), we separated healthy ageing into
healthy biological ageing and wellbeing. One essential
component of healthy biological ageing was defined
as the maintenance, post maturity, of optimal physical
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and cognitive functioning for as long as possible, delay-
ing the onset and rate of functional decline. Other essen-
tial components are survival to old age, and delaying
the onset of clinical disorders (i.e. health conditions
where there is a consensus that medical treatment in
terms of monitoring, and usually treatment, is required)
and chronic diseases that accompany functional decline.
In discussions of healthy ageing there is a tendency
to forget that over 10% of individuals even from high in-
come countries still do not survive to age 65 years and
therefore do not have the chance to ‘age healthily’; rather
the focus is on the declining proportion of the population
in this group, down from about 40% at the beginning of
the 20th century. Evidence from Europe and the USA(12),
suggests that overall the prevalence of chronic diseases
is rising among older people due to some combination
of the following factors that increase duration of time
with disease: earlier diagnosis, decreased case fatality
and diagnostic creep. Trends in functional limitations
and disability are inconsistent across Organisation for
Economic Co-operation and Development countries(13),
although overall there is some evidence that people are
living longer without severe disability(12). Recent com-
parisons of data on cohorts born in the first half of the
20th century is promising, showing, across cohorts, a de-
cline in dementia in England and Wales(14), and an im-
provement in cognitive functioning in Denmark(15). As
yet there is less evidence of cohort effects in later born
cohorts, although cohort differences in obesity trends
give cause for concern(16).

Functional ageing may be assessed at the individual,
body system or cellular levels. Sustaining performance
for most physical tasks (such as rising from a chair or
walking at normal speed) requires several body functions
to operate. At the individual level we use the terms physi-
cal and cognitive capability to refer to the capacity to
undertake the physical and mental tasks of daily living,

to distinguish them from the physiological functions
of the underlying body systems, and to focus equal atten-
tion on what individuals can, and cannot, do. At any of
these levels, healthy biological ageing is about optimising
function for as long as possible.

Wellbeing is distinct from healthy biological ageing,
and evidence suggests that the lifetime trajectory of well-
being is U-shaped, perhaps levelling off at the oldest
ages, in contrast to the trajectory of development and
ageing (Fig. 1). Wellbeing generally covers positive
emotional health, and participation in valued social
roles, engaging with others, leading meaningful lives,
maintaining autonomy and independence.

Recently, we have proposed an integrated life-course
model of ageing that suggests how these measures of
healthy ageing inter-relate with each other and may be
linked to physical, cognitive and emotional development
in early life and to lifetime environmental factors
and lifetime lifestyles(9,11,17). This model elaborates our
original life-course models(18,19), taking more fully into
account the heterogeneity in biological ageing, and incor-
porating two sources of resilience post maturity. The first
is ‘compensatory reserve’, the ability of body systems to
compensate physiologically or repair damage with vary-
ing degrees of success when faced with acute or chronic
low-level challenges. The second source of resilience
refers to the adaptations that individuals make to their
behaviour or the environment, when faced with these
challenges, in order to modify the effect on, or slow the
rate of, functional decline.

Physical capability measures as indicators of healthy
biological ageing

Objective tests of physical capability with standardised
assessment criteria have been developed since the
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Fig. 1. Life-course functional trajectories. A, normal development and decline; B, sub-
optimal development resulting in reduced functional reserve at maturity; C, accelerated age-
related decline; D, a combination of trajectories B and C.
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1980s; these measure capability along a continuum and
have been incorporated into a growing number of
population-based studies, particularly in the USA(20,21).
They include tests of grip strength, walking speed, chair
rising and standing balance. These complement self-
reports, improve validity and reproducibility, may more
accurately capture change over time, and potentially
reduce the influence of cognitive function, culture,
language and education that can affect self-reports
and make comparisons across studies problematic(20).
These tests also facilitate the study of variation across
the full spectrum of function.

The focus of much of the research using these tests
of physical capability, beyond their use as indicators of
the current levels of functioning, is to provide evidence
of their associations with subsequent morbidity, mor-
tality and other health outcomes. A key aim is to identify
thresholds or cut points that could be used in screening
for those whose future health is likely to be compromised
and who may require earlier intervention than others;
however, most studies look at risk rather than predic-
tion(22). There is also a growing literature on the lifetime
determinants of these tests of physical capability. In this
research field, robust assessments of the evidence from
systematic reviews and meta-analyses are still somewhat
rare, but are increasingly being undertaken (see the
‘Lifetime determinants of physical capability’ section).

Selection of physical capability measures

To select objective measures of physical capability for in-
clusion in the MRC review of markers of healthy ageing,
we first identified all potentially relevant studies world-
wide that had objectively assessed physical capability in
adulthood and documented the measures they had each
used. This was based on a review that one of the authors
(R. C.) with a colleague undertook in 2008, as part of the
HALCyon research collaboration that drew on sources
including: a review paper on longitudinal studies of age-
ing(23); relevant websites; and discussions with experts in
the field of gerontology. We then identified other poten-
tially relevant measures from the motor function domain
of the National Institutes of Health (NIH) toolbox
(http://www.nihtoolbox.org). For the latter, we consulted
the NIH toolbox motor function team who, through a
process of literature reviews, field surveys, and in-depth
interviews with experts in the field, had identified five
sub-domains that were considered critical for motor
function(24). This team had identified the most appropri-
ate measure to objectively assess each of these subdo-
mains across the full range of ages from 3 to 85 years
and proposed a standardised method of assessment for
each measure for inclusion in the toolbox.

We chose four of the five subdomains identified for use
in the motor function domain of the NIH toolbox: loco-
motor function, strength, balance and dexterity. These
accurately described the underlying functions that the
most commonly used objective measures of physical
capability assess. Locomotor function was assessed by
tests of walking speed, timed ‘get up and go’, and chair
rising. These measures also involve strength and balance

and so assess aspects of multiple subdomains. Strength
was assessed by tests of hand grip strength; standing bal-
ance by the one leg stand or tandem stands; and dexterity
by the pegboard test. In the Supplementary material, we
provide information on measurement protocols for
these different tests, summarise common variations in
protocols, equipment required, exclusion criteria com-
monly used and underlying body functions captured.

In summary, the Supplementary material provides evi-
dence that all the tests of physical capability chosen are
relatively quick, easy and cheap to perform with only
grip strength and the pegboard test requiring special
instruments; the other tests require some or all of the fol-
lowing: chair, tape measure, tape and stopwatch. There
is also evidence that each of the tests is usually found
to be valid and reliable. There was considerable vari-
ability between studies in the protocols of assess-
ment(25–30); however, attempts at standardisation across
studies are now being made through initiatives such as
the NIH toolbox.

All the tests have exclusion criteria, and one challenge
is how to handle the increasing proportion of people un-
able to perform these tests at older ages. Many studies
simply exclude individuals without test results, but if
data are missing because participants were unable to
complete the test this is informative and, where possible,
should be taken into account. For example, in the MRC
National Survey of Health and Development, alter-
natively known as the 1946 British birth cohort study,
grip strength, chair rise time and standing balance time
have been measured at 53 years and again, where poss-
ible, at 60–64 years in 2500 study participants. It has
been found that among those assessed at 53 years,
those not assessed 10 years later because they had died
in the intervening period, or were unable to do the tests
for health reasons at 60–64 years, had significantly
lower performance scores at 53 years than those mea-
sured at both ages (among whom a decline in mean levels
of performance was observed). This is illustrated in Fig. 2
for chair rise speed. The mean level of performance
at 53 years of other subsequent non-responders did not
differ from the level of those with repeat data.

Patterns of age-related change

As part of the MRC review of markers of healthy ageing,
we assessed the evidence for age-related declines in mean
levels of each of the selected measures of physical capa-
bility. As it was anticipated that we would not find sys-
tematic reviews examining this we aimed to identify
individual studies of interest. Where possible we focused
on studies with measures of longitudinal change but
where insufficient studies with such data were available
we also examined cross-sectional studies. The search
terms used are provided in the Appendix; this search
was supplemented by expert knowledge and web searches
to identify relevant material, including unpublished work.

We found that the strength of the evidence varied
widely between measures with the most evidence
available for grip strength. Longitudinal data on grip
strength across adult life show that mean levels of grip
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strength are at their peak in the fourth decade of life(31–34),
and then start to decline from the fifth or
sixth decades(31,33,34). Timing of the onset of decline in
grip strength is similar for men and women(26,31,33–40),
but men start from a higher level and their rate of decline
is faster(33–35,41–44). Data on other physical capability
measures is more limited and generally cross-sectional,
which restricts inferences about age-related change but
suggests a steady rate of age-related decline with men
usually performing somewhat better than women
at each age(26–29,45–62).

Associations with health outcomes

The final task of the MRC review of markers of healthy
ageing was to assess the strength of the evidence for
associations between our chosen physical capability
measures and subsequent specified health outcomes,
namely survival, disability, CVD, dementia, dependence
and wellbeing, by systematic searches of the published
literature to identify existing systematic reviews and
meta-analyses. We focused on reviews of studies which
had aimed to examine the specified associations longitud-
inally, excluding cross-sectional studies due to the possi-
bility of reverse causality, and using community-dwelling
samples, given likely confounding by morbidity in clini-
cal/disease-specific samples. The Appendix provides the
search terms used.

To date, two systematic reviews have shown an overall
association between slower walking speed and all-cause
mortality rates in older community dwelling populations,

independent of age(63,64). The first review also showed
similar associations between grip strength, chair rise
and standing balance performance and all-cause
mortality rates(63). Three other systematic reviews pro-
vide evidence that lower performance on these tests is
also associated with greater risk of subsequent disability
in terms of restrictions in activities of daily living(29,65,66).
A systematic review of the prospective associations of
grip strength, walking speed, chair rise and standing
balance performance with CVD, dementia and institutio-
nalisation (as a marker of loss of independence) found
some evidence that reduced physical capability was
associated with higher risk of these health outcomes,
but there were too few studies with comparable data
for meta-analyses, thus limiting any definitive conclu-
sions(67). At the time of the literature search there were
no systematic reviews of the prospective associations
between measures of physical capability and wellbeing.

Lifetime determinants of physical capability

The HALCyon research collaboration focused on the
lifetime determinants of physical (and cognitive) capa-
bility and wellbeing. Here, we summarise the findings
for the lifetime determinants of physical capability, draw-
ing on a series of HALCyon publications, and the forth-
coming HALCyon book on a life-course approach to
healthy ageing(4), in particular chapters 2, 10, 14 and
16. Investigating the lifetime determinants of physical
capability is a continuing aim of what is now the
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HALCyon network, which brings together studies for
cross-cohort comparisons, systematic reviews (according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines) and meta-analyses where
appropriate, alongside in-depth studies from single
cohorts. The focus of the original HALCyon research
programme was on the relationships between physical
capability and the following factors: lifetime socio-
economic position, body size and nutrition, and indica-
tors of the underlying hypothalamic–pituitary–adrenal
(axis), telomere length and genetic factors. To do this,
measures of physical capability (grip strength, walking
speed, chair rising and standing balance) from different
HALCyon studies were harmonised(26).

One HALCyon systematic review and meta-analysis
showed modest associations between lower childhood
socioeconomic position and slower walking and chair
rise speeds that remained after adjustment for adult
risk factors(68); the mean difference found in walking
speed translates into an 11% difference in mortality
rates between those who were most and least deprived
in childhood. Two in-depth studies in the National
Survey of Health and Development, complemented this
analysis. One showed that lifetime area level character-
istics, as well as individual level characteristics, influence
physical capability(69). The second suggested that associ-
ations of childhood socioeconomic position with physical
capability operate through neurodevelopmental and
physical growth pathways(70).

Another HALCyon systematic review and meta-
analysis showed robust evidence that birth weight is posi-
tively related to subsequent grip strength; in children,
young adults and in those at older ages(71), suggesting
that factors in utero or early postnatal life may leave
long-term biological imprints on later life physical capa-
bility, in particular muscle. Studies from single cohorts
show that growth in the pre-pubertal and pubertal
periods is also important(72–74).

There was cross-sectional evidence from eight of the
HALCyon cohorts that greater adiposity was associated
with worse physical performance(75); the detrimental im-
pact was greatest in the highest two-fifths of BMI and
generally stronger in women than men. Weak grip
strength was associated with poorer performance on
tests of walking speed, chair rising and standing balance:
again, associations were generally stronger in women
than men; and particularly poor performance was seen
in those in the lowest fifth of grip strength. BMI and
grip strength were independently associated with these
performance tests and had additive rather than inter-
active effects.

Across the HALCyon cohorts and other relevant stu-
dies, we showed no consistent evidence of associations
between physical capability and common polymorph-
isms of: (1) TERT, a telomere maintenance gene(76);
(2) ACTN3, a genotype related to athletic status(77); (3)
genetic variants on the growth hormone and insulin-
like growth factor-1 axis(78). A HALCyon study has
also shown that associations between change in telomere
length and physical capability were weak and
inconsistent(79).

Somewhat more positive were the results of the rela-
tionships between markers of the hypothalamic–
pituitary–adrenal axis and physical capability. Across
four HALCyon cohorts and two other studies, cross-
sectional data showed a larger diurnal drop in cortisol
was associated with faster walking and chair rise
speeds(80); however, there was little evidence of as-
sociations with grip strength or standing balance. In a
single-cohort study (Caerphilly prospective study), higher
cortisol levels measured 20 years earlier, were associated
with walking speed, in ways that suggested that
the ability to mount a good stress-induced response
may be a marker of a more reactive and healthier
hypothalamic–pituitary–adrenal axis(81,82).

HALCyon investigators also reviewed the literature
on diet and physical capability and found that evidence
from cross-cohort studies has been inconsistent and
limited(83), and not supported by trial evidence. There
are major challenges of providing harmonised food or
nutrient measures for cross-cohort studies. In addition,
a recent literature review describing studies of the associ-
ations between nutritional factors and muscle strength(84)

highlighted that most observational studies to date have
been cross-sectional, and existing longitudinal studies
tend to have small sample sizes and relatively short
follow-up. However, these studies do provide some evi-
dence to suggest that diet quality and the intake of
specific food groups and macronutrients are related to
some measures of physical capability in later life(85–88),
although findings are not consistent. Furthermore,
there is some evidence that these associations may oper-
ate across life; for example, evidence from the Boyd Orr
study suggests that greater childhood milk intake was
associated with better physical performance in old age,
and there was some evidence that childhood intake of
calcium, fat and protein were also important(89).

There is more robust evidence from observational stu-
dies and randomised controlled trials of the importance
of physical activity(90).

Suggestions for future research

While the extent of publications referenced attest to the
considerable amounts of research undertaken on each
of the physical capability measures, the variability be-
tween studies in the specific protocols employed often
makes it difficult to compare and combine findings
from different studies. For example, estimating the
expected rate of decline in physical capability by age
using data drawn from several sources is problematic.
Very few studies have formally compared the different
measures of physical capability in relation to a set of out-
comes; so it is currently difficult to establish what the
added value of assessing each additional measure is,
and to recommend any order of priority. In a number
of studies, a set of different objective tests of physical
capability are often administered together(91), such as
the short physical performance battery(92), and a total
performance score is derived. Further work on the
added value of each measure should establish whether
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the strategy of deriving an overall score of physical capa-
bility is of more prognostic value than considering each
measure separately. The most appropriate approach is
likely to depend on the specific research question being
addressed.

We identified a number of studies that had examined
age-related changes in population levels of objective
measures of physical capability. However, there is a
need for larger studies with longitudinal data in which
these age-related patterns can be investigated further
and variations in within-individual changes over time
can also be characterised. This is likely to be especially
important given that declines in mean levels of physical
capability at the population level disguises the fact that
not all people in a population are necessarily declining.
Those people who are maintaining their physical cap-
ability despite their increasing age are likely to be an
important group when studying healthy ageing.

Although several systematic reviews have examined
associations of objective measures of physical capability
with subsequent health outcomes, some measures have
been studied more often than others. For example, grip
strength and walking speed have been studied much
more often than performance in the pegboard test,
which has not been included in any of the reviews
identified.

No reviews were identified that had examined the as-
sociations of physical capability with wellbeing, another
component of healthy ageing. In light of this, we col-
lected a common measure of wellbeing across five
HALCyon cohorts, the Warwick Edinburgh Mental
Wellbeing Scale. In a recent meta-analysis of the associ-
ations between physical capability and subsequent well-
being in these cohorts(93), we found that higher levels
of physical capability were modestly associated with
higher levels of subsequent mental wellbeing. Adjustment
for age, gender, socioeconomic position, living alone,

health status and neuroticism partially attenuated these
associations. We have also found reasonable evidence
that wellbeing may be protective for physical and cog-
nitive capability, as well as being affected by functional
decline(94). However, this is still an area where further
research is needed, as discussed elsewhere(94).

Within HALCyon we investigated the associations of
factors across life with physical capability using a num-
ber of well-established longitudinal studies in the UK,
which have collected data at different life stages. As
there is little or no ethnic diversity within the majority
of HALCyon study populations, we were unable to ex-
plore the role of ethnicity, despite recognising its poten-
tial importance. From a national and international
policy perspective it is going to be important in the future
to explore differences by ethnicity and perform cross-
national comparisons to identify which life-course as-
sociations are universal and which are contextual. This
is especially important given emerging evidence from
the UK, building on a larger body of work undertaken
in the USA, that ethnic differences in physical capability
and their determinants are clearly present in older
populations(95).

Another area for future research is to investigate the dy-
namic relationships between different measures of physi-
cal capability, between physical and cognitive capability,
and between physical capability and the onset of clinical
disorders or chronic diseases. Because of this gap in
the literature, researchers from HALCyon and the
Integrative Analysis of Longitudinal Studies on Aging
network carried out a systematic review and meta-
analyses of prospective associations between physical
and cognitive capability(96). Although many cross-
sectional studies suggest that physical and cognitive
capability are strongly correlated, we found far fewer
longitudinal studies; indeed we identified only seven that
had investigated ‘change’ in fluid cognition with ‘change’

Common clinical disorders
• CVD

• Hypertension
• Raised cholesterol
• ECG abnormalities

• Diabetes
• Obesity

• Respiratory disease
• Thyroid disorders 

(hypo/hyper)
• Renal disorders
• Liver disorders

• Anaemia
• Osteoporosis

• Psychiatric problems
• Cancer

Functional ageing

• Lung function (FEV1, FVC)
• Grip strength
• Standing balance
• Chair rising
• Walking speed
• Verbal memory
• Processing speed
• Reaction time

P ≤ 0.01
0.01 < P ≤ 0.05

Fig. 3. Patterns of association between common clinical disorders and chair rise performance
at 60–64 years in the Medical Research Council National Survey of Health and Development.
ECG, electrocardiogram; FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity.
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in physical capability or lung function. Overall, findings
were not sufficiently strong or consistent to support a com-
mon cause mechanism. Operationalisation and measure-
ment challenges limited comparability, again identifying
the need for common protocols and approaches.

In the National Survey of Health and Development,
we plan to capture the unfolding relationships between
physical and cognitive capability, and between capability
and all the other components of healthy ageing, and the
lifetime risk factors, mediators, and modifiers of these
relationships. We recently showed that, on average,
study participants had at least two out of fifteen common
clinical disorders assessed at age 60–64 years, and less
than one in six were disorder free(97). Using cross-
sectional data at 60–64 years, associations between
each measure of physical capability and many of these
fifteen disorders are observed; Fig. 3 illustrates this for
chair rise performance. We have also recently published
findings on the consistent associations in the National
Survey of Health and Development between childhood
socioeconomic circumstances and four measures of
physical capability (walking speed, grip strength, chair
rise and standing balance performance), two measures
of lung function (forced expiratory volume 1 and forced
vital capacity), three measures of cognitive capability
(verbal memory, processing speed and reaction time)
and an overall standardised measure of functional ageing
at 60–64 years(98). Fig. 4 shows a striking gradient be-
tween number of clinical disorders and this standardised
composite measure of functional ageing.

In summary, what is required is longitudinal research
that can compare findings on the different components
of healthy ageing across studies and over time, and
which can identify the key modifiable lifetime deter-
minants to be targeted. The evidence to date on physical
capability (and cognitive capability and wellbeing) is
insufficient in these respects(99), but so far largely

supports the broad set of modifiable risk factors already
identified for chronic diseases. Given the growing evi-
dence that the majority of older people are ageing with
chronic conditions, research on maximising physio-
logical resilience, capacity to cope and maintaining social
participation should become priorities. More robust
evidence, using standardised measures within a clear
conceptual framework, will benefit policy and practice
to promote healthy ageing.
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To view supplementary material for this article, please
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Acknowledgements

Literature searches were undertaken following the
standard format outlined in the Appendix by: Rachel
Cooper, Sathya Karunananthan, and Renata Bryce.
The authors are grateful to Susan Magasi of
Northwestern University who provided information on
the methods employed for the NIH toolbox. Experts
who contributed to the development of the motor func-
tion domain of the NIH toolbox are: Dallas Anderson
(NIH/National Institute on Aging), Richard Bohannon
(University of Connecticut), Deborah Bubela (University
of Connecticut), Diane Damiano (NIH/NIH Clinical
Center), Marjorie Garvey (NIH/National Institute of
Mental Health), Jin-Shei Lai (Northwestern University),
Susan Magasi (Northwestern University), Heather
McCreath (UCLA), David Reuben (UCLA), Rose
Marie Rine (Specialty Therapy LLC and Marshall
University), W. Zev Rymer (Rehabilitation Institute of
Chicago) and Inga Wang (Northwestern University).

-4
 

-3
 

-2
 

-1
 

0 

M
ea

n 
di

ffe
re

nc
e 

in
 fu

nc
tio

na
l a

ge
in

g 
sc

or
e

 

0 1 2 3 4 ≥ 5 
No. of clinical disorders 

Fig. 4. Differences in mean functional ageing score by number of clinical disorders in the
Medical Research Council National Survey of Health and Development at age 60–64 years
(sex adjusted).

D. Kuh et al.244



P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So
ci
et
y

Financial support

D. K., R. C. and this work were supported by the
UK Medical Research Council (MC_UU_12019/4,
MC_UU_12019/1, G09006861). H. B. and S. K. are
funded by the Dr Joseph Kaufmann Chair in Geriatric
Medicine. S. K. is also supported by a Canadian
Institutes of Health Research Doctoral Research Award.

The funders had no role in the design, analysis or
writing of this article.

Conflicts of interest

None.

Authorship

D. K. drafted the manuscript, R. C. reviewed the litera-
ture on physical capability measures and carried out the
analyses, R. C. and S. K. undertook the literature
searches, D. K., R. C., S. K. and H. B. all reviewed
and revised the manuscript.

References

1. Medical Research Council (2009) MRC Strategic Plan
2009–2014. Research changes lives. http://www.mrc.ac.uk/
Utilities/Documentrecord/index.htm?d=MRC006090)

2. Omran AR (1998) The epidemiologic transition revisited
thirty years later. World Health Stat Q 53, 99–119.

3. Depp CA & Jeste DV (2006) Definitions and predictors
of successful aging: a comprehensive review of larger quan-
titative studies. Am J Geriatr Psychiatry 14, 6–20.

4. Kuh D, Cooper R, Hardy R, et al. (editors) (2014) A Life
Course Approach to Healthy Ageing. Oxford, UK: Oxford
University Press.

5. Kuh D, Cooper R, Richards M et al. (2012) A life course
approach to healthy ageing: the HALCyon programme.
Public Health 126, 193–195.

6. Dubos R (1965) Man Adapting. New Haven and London:
Yale University Press.

7. Huber M, Knottnerus JA, Green L et al. (2011) How
should we define health? BMJ 343, d4163.

8. Kirkwood TB & Austad SN (2000) Why do we age? Nature
408, 233–238.

9. Kuh D, Ben-Shlomo Y, Tilling K et al. (2013) Life course
epidemiology and analysis. In The Oxford Textbook
of Public Health, 6th ed. (In the Press).

10. Kuh D & Ben-Shlomo Y (editors) (2004) A Life Course
Approach to Chronic Disease Epidemiology. Oxford, UK:
Oxford University Press.

11. Ben-Shlomo Y, Mishra G & Kuh D (2013) Life course epi-
demiology. In Handbook of Epidemiology, 2nd ed. pp.
1521–1550 [Ahrens W and Pigeot I, editors]. New York:
Springer.

12. Christensen K, Doblhammer G, Rau R et al. (2009)
Ageing populations: the challenges ahead. Lancet 374,
1196–1208.

13. Lafortune G, Balestat G & the disability study expert
group members (2007) Trends in severe disability among
elderly people: assessing the evidence in 12 OECD

countries and the future implications. OECD Health
Working Papers 26 ed. http://www.oecd-ilibrary.org/
social-issues-migration-health/
trends-in-severe-disability-among-elderly-
people_217072070078

14. Matthews FE, Arthur A, Barnes LE et al. (2013) A two-
decade comparison of prevalence of dementia in indivi-
duals aged 65 years and older from three geographical
areas of England: results of the Cognitive Function and
Ageing Study I and II. Lancet 382, 1405–1412.

15. Christensen K, Thinggaard M, Oksuzyan A et al. (2013)
Physical and cognitive functioning of people older than
90 years: a comparison of two Danish cohorts born
10 years apart. Lancet 382, 1507–1513.

16. Li L, Hardy R, Kuh D et al. (2008) Child-to-adult
body mass index and height trajectories: a comparison
of 2 British birth cohorts. Am J Epidemiol 168, 1008–1015.

17. Kuh D, Richards M, Cooper R et al. (2014) Life course
epidemiology, ageing research and maturing
cohort studies: a dynamic combination for understanding
healthy ageing. In A Life Course Approach to Healthy
Ageing pp. 3–15 [Kuh D, Cooper R, Hardy R, et al., edi-
tors]. Oxford, UK: Oxford University Press.

18. Kuh D, Ben-Shlomo Y, Lynch J et al. (2003) Life course
epidemiology. J Epidemiol Commun Health 57, 778–783.

19. Ben-Shlomo Y & Kuh D (2002) A life course approach to
chronic disease epidemiology: conceptual models, empiri-
cal challenges and interdisciplinary perspectives. Int
J Epidemiol 31, 285–293.

20. Guralnik JM, Branch LG, Cummings SR et al. (1989)
Physical performance measures in aging research.
J Gerontol Med Sci 44, M141–M146.

21. Guralnik JM & Ferrucci L (2003) Assessing the building
blocks of function utilizing measures of functional limi-
tation. Am J Prev Med 25, 112–121.

22. Sourial N, Bergman H, Karunananthan S et al. (2013)
Implementing frailty into clinical practice: a cautionary
tale. J Gerontol A Biol Sci Med Sci 68, 1505–1511.

23. Seematter-Bagnoud L & Santos-Eggimann B (2006)
Population-based cohorts of the 50s and over: a summary
of worldwide previous and ongoing studies for research on
health in ageing. Eur J Ageing 3, 41–59.

24. Reuben DB, Magasi S, McCreath HE et al. (2013) Motor
assessment using the NIH Toolbox. Neurology 80,11
Suppl. 3, S65–S75.

25. Roberts HC, Denison HJ, Martin HJ et al. (2011) A review
of the measurement of grip strength in clinical and epide-
miological studies: towards a standardised approach. Age
Ageing 40, 423–429.

26. Cooper R, Hardy R, Aihie Sayer A et al. (2011) Age and
gender differences in physical capability levels from
mid-life onwards: the harmonisation and meta-analysis
of data from eight UK cohort studies. PLoS ONE 6,
e27899.

27. Bohannon RW (2006) Reference values for the timed
up and go test: a descriptive meta-analysis. J Geriatr
Phys Ther 29, 64–68.

28. Bohannon RW (2006) Single limb stance times – a descri-
ptive meta-analysis of data from individuals at least
60 years of age. Top Geriatr Rehabil 22, 70–77.

29. Michikawa T, Nishiwaki Y, Takebayashi T et al. (2009)
One-leg standing test for elderly populations. J Orthop
Sci 14, 675–685.

30. Ceria-Ulep CD, Grove J, Chen R et al. (2010) Physical
aspects of healthy aging: assessments of three measures
of balance for studies in middle-aged and older adults.
Curr Gerontol Geriatr Res 2010, 849761.

A life-course approach to healthy ageing 245



P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So
ci
et
y

31. Kallman DA, Plato CC & Tobin JD (1990) The role
of muscle loss in the age-related decline of grip strength –
cross-sectional and longitudinal perspectives. J Gerontol
45, M82–M88.

32. Lindle RS, Metter EJ, Lynch NA et al. (1997) Age and
gender comparisons of muscle strength in 654 women and
men aged 20–93yr. J Appl Physiol 83, 1581–1587.

33. Metter EJ, Conwit R, Tobin J et al. (1997) Age-associated
loss of power and strength in the upper extremities
in women and men. J Gerontol Biol Sci Med Sci 52,
B267–B276.

34. Nahhas RW, Choh AC, Lee M et al. (2010) Bayesian longi-
tudinal plateau model of adult grip strength. Am J Hum
Biol 22, 648–656.

35. Frederiksen H, Hjelmborg J, Mortensen J et al. (2006) Age
trajectories of grip strength: cross-sectional and longi-
tudinal data among 8,342 Danes aged 46 to 102. Ann
Epidemiol 16, 554–562.

36. Rantanen T, Masaki K, Foley D et al. (1998) Grip strength
changes over 27yr in Japanese-American men. J Appl
Physiol 85, 2047–2053.

37. Rantanen T, Era P & Heikkinen E (1997) Physical activity
and the changes in maximal isometric strength in men
and women from the age of 75 to 80 years. J Am Geriatr
Soc 45, 1439–1445.

38. Andersen-Ranberg K, Petersen I, Frederiksen H et al.
(2009) Cross-national differences in grip strength among
50+year-old Europeans: results from the SHARE study.
Eur J Ageing 6, 227–236.

39. Bassey EJ (1998) Longitudinal changes in selected physical
capabilities: muscle strength, flexibility and body size. Age
Ageing 27, 12–16.

40. Forrest KYZ, Zmuda JM & Cauley JA (2007) Patterns
and correlates of muscle strength loss in older women.
Gerontology 53, 140–147.

41. Oksuzyan A, Maier H, McGue M et al. (2010) Sex differ-
ences in the level and rate of change of physical function
and grip strength in the Danish 1905-Cohort study.
J Aging Health 22, 589–610.

42. Oksuzyan A, Crimmins E, Saito Y et al. (2010)
Cross-national comparison of sex differences in health
and mortality in Denmark, Japan and the US. Eur
J Epidemiol 25, 471–480.

43. Goodpaster BH, Park SW, Harris TB et al. (2006) The loss
of skeletal muscle strength, mass, and quality in older
adults: the Health, Aging and Body Composition study.
J Gerontol Biol Sci Med Sci 61, 1059–1064.

44. Vianna LC, Oliveira RB & Araujo CG (2007) Age-related
decline in handgrip strength differs according to gender.
J Strength Cond Res 21, 1310–1314.

45. Bohannon RW (1997) Comfortable and maximum walking
speed of adults aged 20–79 years: reference values and
determinants. Age Ageing 26, 15–19.

46. Bohannon RW (2006) Reference values for the
five-repetition sit-to-stand test: a descriptive meta-analysis
of data from elders. Percept Mot Skills 103, 215–222.

47. Steffen TM, Hacker TA & Mollinger L (2002) Age- and
gender-related test performance in community-dwelling
elderly people: Six-Minute Walk Test, Berg Balance
Scale, Timed Up & Go Test, and gait speeds. Phys Ther
82, 128–137.

48. Tsubaki A, Kubo M, Kobayashi R et al. (2010) Age-
related changes in physical function in community-dwelling
people aged 50–79 years. J Phys Ther Sci 22, 23–27.

49. Butler AA, Menant JC, Tiedemann AC et al. (2009) Age
and gender differences in seven tests of functional mobility.
J Neuroeng Rehabil 6, 31.

50. Proctor DN, Fauth EB, Hoffman L et al. (2006)
Longitudinal changes in physical functional performance
among the oldest old: insight from a study of Swedish
twins. Aging Clin Exp Res 18, 517–530.

51. Himann JE, Cunningham DA, Rechnitzer PA et al. (1988)
Age-related-changes in speed of walking. Med Sci Sports
Exerc 20, 161–166.

52. Springer BA, Marin R, Cyhan T et al. (2007) Normative
values for the unipedal stance test with eyes open and
closed. J Geriatr Phys Ther 30, 8–15.

53. Balogun JA, Akindele KA, Nihinlola JO et al. (1994)
Age-related changes in balance performance. Disabil
Rehabil 16, 58–62.

54. Kimura M, Mizuta C, Yamada Y et al. (2012)
Constructing an index of physical fitness age for Japanese
elderly based on 7-year longitudinal data: sex differences
in estimated physical fitness age. Age (Dordr) 34, 203–214.

55. Stevens KN, Lang IA, Guralnik JM et al. (2008)
Epidemiology of balance and dizziness in a national popu-
lation: findings from the English Longitudinal Study of
Ageing. Age Ageing 37, 300–305.

56. Onder G, Penninx BW, Lapuerta P et al. (2002) Change
in physical performance over time in older women: the
Women’s Health and Aging Study. J Gerontol A Biol Sci
Med Sci 57, M289–M293.

57. Bohannon RW, Andrews AW & Thomas MW (1996)
Walking speed: reference values and correlates for older
adults. J Orthop Sports Phys Ther 24, 86–90.

58. Wagert PV, Gustafson Y & Lundin-Olsson L (2009) Large
variations in walking, standing up from a chair, and bal-
ance in women and men over 85 years: an observational
study. Aust J Physiother 55, 39–45.

59. Pondal M & del Ser T (2008) Normative data and determi-
nants for the timed “up and go” test in a population-based
sample of elderly individuals without gait disturbance.
J Geriatr Phys Ther 31, 57–63.

60. Bohannon RW, Bubela DJ, Magasi SR et al. (2010)
Sit-to-stand test: performance and determinants across the
age-span. Isokinet Exerc Sci 18, 235–240.

61. Ruff RM & Parker SB (1993) Gender- and age-specific
changes in motor speed and eye-hand coordination in
adults: normative values for the Finger Tapping and
Grooved Pegboard Tests.PerceptMot Skills 76, 1219–1230.

62. Wang YC, Magasi SR, Bohannon RW et al. (2011)
Assessing dexterity function: a comparison of two alterna-
tives for the NIH Toolbox. J Hand Ther 24, 313–320.

63. Cooper R, Kuh D, Hardy R et al. (2010) Objectively mea-
sured physical capability levels and mortality: systematic
review and meta-analysis. BMJ 341, c4467.

64. Studenski S, Perera S, Patel K et al. (2011) Gait speed and
survival in older adults. JAMA 305, 50–58.

65. Vermeulen J, Neyens JC, van Rossum E et al. (2011)
Predicting ADL disability in community-dwelling elderly
people using physical frailty indicators: a systematic review.
BMC Geriatr 11, 33.

66. den Ouden ME, Schuurmans MJ, Arts IE et al. (2011)
Physical performance characteristics related to disability in
older persons: a systematic review. Maturitas 69, 208–219.

67. Cooper R, Kuh D, Cooper C et al. (2011) Objective
measures of physical capability and subsequent health:
a systematic review. Age Ageing 40, 14–23.

68. Birnie K, Cooper R, Martin RM et al. (2011) Childhood
socioeconomic position and objectively measured physical
capability levels in adulthood: a systematic review and
meta-analysis. PLoS ONE 6, e15564.

69. Murray ET, Ben-Shlomo Y, Tilling K et al. (2013) Area
deprivation across the life course and physical capability

D. Kuh et al.246



P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So
ci
et
y

in midlife: findings from the 1946 british birth cohort. Am J
Epidemiol 178, 441–450.

70. Strand BH, Cooper R, Hardy R et al. (2011) Lifelong
socioeconomic position and physical performance in
midlife: results from the British 1946 birth cohort. Eur
J Epidemiol 26, 475–483.

71. Dodds R, Denison HJ, Ntani G et al. (2012) Birth weight
and muscle strength: a systematic review and meta-analysis.
J Nutr Health Aging 16, 609–615.

72. Kuh D, Hardy R, Butterworth S et al. (2006) Develop-
mental origins of midlife physical performance: evidence
from a British birth cohort. Am J Epidemiol 164, 110–121.

73. Kuh D, Hardy R, Butterworth S et al. (2006)
Developmental origins of midlife grip strength: findings
from a British cohort study. J Gerontol Med Sci 61A,
702–706.

74. Aihie Sayer A, Syddall HE, Gilbody HJ et al. (2004)
Does sarcopenia originate in early life? Findings from the
Hertfordshire cohort study. J Gerontol Med Sci 59A,
930–934.

75. Hardy R, Cooper R, Aihie Sayer A et al. (2013) Body mass
index, muscle strength and physical performance in older
adults from eight cohort studies: the HALCyon pro-
gramme. PLoS ONE 8, e56483.

76. Alfred T, Ben-Shlomo Y, Cooper R et al. (2011) Absence
of association of a single-nucleotide polymorphism in the
TERT-CLPTM1L locus with age-related phenotypes in
a large multicohort study: the HALCyon programme.
Aging Cell 10, 520–532.

77. Alfred T, Ben-Shlomo Y, Cooper R et al. (2011) ACTN3
genotype, athletic status, and life course physical capa-
bility: meta-analysis of the published literature and findings
from nine studies. Hum Mutat 32, 1008–1018.

78. Alfred T, Ben-Shlomo Y, Cooper R et al. (2012) A multi-
cohort study of polymorphisms in the GH/IGF axis
and physical capability: the HALCyon programme. PLoS
ONE 7, e29883.

79. Gardner MP, Martin-Ruiz C, Cooper R et al. (2013)
Telomere length and physical performance at older ages:
an individual participant meta-analysis. PLoS ONE 8,
e69526.

80. Gardner MP, Lightman S, Aihie Sayer A et al. (2013)
Dysregulation of the hypothalamic pituitary adrenal
(HPA) axis and physical performance at older ages: an
individual participant meta-analysis. Psychoneuroendo-
crinology 38, 40–49.

81. Gardner MP, Lightman SL, Gallacher J et al. (2011)
Diurnal cortisol patterns are associated with physical
performance in the Caerphilly Prospective Study. Int
J Epidemiol 40, 1693–1702.

82. Ben-Shlomo Y, Gardner MP & Lightman S (2014) A life
course approach to neuroendocrine systems: the example
of the HPA axis. In A Life Course Approach to Healthy
Ageing pp. 133–145 [Kuh D, Cooper R, Hardy R, et al.,
editors]. Oxford, UK: Oxford University Press.

83. Mishra G, Richards M, Mihrshahi S et al. (2014) Chapter
16: lifetime lifestyles I: diet, the life course and ageing.
In A Life Course Approach to Healthy Ageing [Kuh D,
Cooper R, Hardy R, et al., editors]. Oxford, UK: Oxford
University Press.

84. Robinson S, Cooper C & Aihie Sayer A (2012) Nutrition
and sarcopenia: a review of the evidence and implications
for preventive strategies. J Aging Res 2012, 510801.

85. Robinson SM, Jameson KA, Batelaan SF et al. (2008) Diet
and its relationship with grip strength in community-
dwelling older men and women: the Hertfordshire cohort
study. J Am Geriatr Soc 56, 84–90.

86. Martin H, Aihie Sayer A, Jameson K et al. (2011) Does
diet influence physical performance in community-dwelling
older people? Findings from the Hertfordshire Cohort
Study. Age Ageing 40, 181–186.

87. Xu B, Houston DK, Locher JL et al. (2012) Higher
Healthy Eating Index-2005 scores are associated with
better physical performance. J Gerontol A Biol Sci Med
Sci 67, 93–99.

88. Mulla UZ, Cooper R, Mishra GD et al. (2013) Adult
macronutrient intake and physical capability in the MRC
National Survey of Health and Development. Age Ageing
42, 81–87.

89. Birnie K, Ben-Shlomo Y, Gunnell D et al. (2012)
Childhood milk consumption is associated with better
physical performance in old age. Age Ageing 41, 776–784.

90. Physical activity guidelines advisory committee (2008)
Physical activity guidelines advisory committee report.
Washington, DC: US Department of Health and Human
Services.

91. Freiberger E, de Vreede P, Schoene D et al. (2012)
Performance-based physical function in older community-
dwelling persons: a systematic review of instruments. Age
Ageing 41, 712–721.

92. Guralnik JM, Simonsick EM, Ferrucci L et al. (1994)
A short physical performance battery assessing lower
extremity function: association with self-reported disability
and prediction of mortality and nursing home admission.
J Gerontol 49, M85–M94.

93. Cooper R, Stafford M, Hardy R et al. Physical capability
and subsequent positive mental wellbeing in older
people: findings from five HALCyon cohorts. Age
(Dordr) [Epublication ahead of print].

94. Gale CR, Deary IJ & Stafford M (2014) A life course ap-
proach to psychological and social wellbeing. In A life
Course Approach to Healthy Ageing pp. 46–61 [Kuh D,
Cooper R, Hardy R, et al., editors]. Oxford, UK: Oxford
University Press.

95. Williams ED, Tillin T, Whincup P et al. (2012) Ethnic dif-
ferences in disability prevalence and their determinants
studied over a 20-year period: a cohort study. PLoS ONE
7, e45602.

96. Clouston SAP, Brewster P, Kuh D et al. (2013) The
dynamic relationship between physical function and cog-
nition in longitudinal aging cohorts. Epidemiol Rev 35,
33–50.

97. Pierce MB, Silverwood RJ, Nitsch D et al. (2012) Clinical
disorders in a post war British cohort reaching retirement:
evidence from the first National Birth Cohort Study. PLoS
ONE 7, e44857.

98. Hurst L, Stafford M, Cooper R et al. (2013) Lifetime socio-
economic inequalities in physical and cognitive aging.
Am J Public Health 103, 1641–1648.

99. Kuh D, Cooper R, Hardy R et al. (2014) What have we
learnt for future research and knowledge exchange? In A
Life Course Approach to Healthy Ageing pp. 261–272
[Kuh D, Cooper R, Hardy R, et al., editors]. Oxford,
UK: Oxford University Press.

Appendix: Search terms

A. Search terms used for each physical capability
measure:

Walking speed and timed get up and go
(gait speed OR walking speed OR walk speed OR ‘get
up and go’ OR TUG OR ‘timed get up and go’)
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Chair rising
(chair ris* OR chair stand OR sit to stand)
Grip strength
(grip strength OR handgrip strength OR hand strength)
Balance (One leg stand and tandem stands)
(standing balance OR flamingo stand OR tandem

stand OR postural control OR postural sway OR
postural balance)

Pegboard test
(pegboard OR peg-board OR ‘peg test’ OR dexterity)
B. Search terms used for patterns of age-related change:
Physical capability measure (see terms in section A)

AND (age difference OR trajectory OR age related
change), limited to papers published since 1/1/1980

C. Search teams used for associations with subsequent
health outcomes :

1) Survival
Physical capability measure (see terms in section A)

AND (death OR mortality OR survival)

2) Disability
Physical capability measure (see terms in section A)

AND disability
3) Cardiovascular disease

Physical capability measure (see terms in
section A) AND (cardiovascular OR stroke OR
CHD OR IHD)

4) Dementia (restricted to clinically diagnosed
outcomes)
Physical capability measure (see terms in section A)

AND (dementia OR Alzheimer’s)
5) Dependence

Physical capability measure (see terms in section A)
AND (dependency OR loss of independence OR
dependence OR institutionalisation)

6) Wellbeing
Physical capability measure (see terms in section

A) AND (wellbeing OR quality of life).
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