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  PROCESS AND SYSTEMS  Research into ageing and frailty
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Research into ageing covers opportunities and challenges 
posed by an older population, and research to understand 
the ageing processes across the lifespan. The evidence 
base for Comprehensive Geriatric Assessment (CGA) is well 
established and efforts should now shift to understanding 
how to implement its principles across different healthcare 
contexts. Research around syndromes common in older people 
has progressed with variable success; while effective therapies 
for falls and cognitive impairment have been identified, older 
people with advanced frailty have commonly been excluded 
from Parkinson’s disease and continence research. Research 
to understand the mechanisms of ageing has potential 
to mitigate against or treat emerging sarcopenia and 
cognitive impairment, and thus modify frailty trajectories. 
Pharmacogenetics could individualise therapeutics to reduce 
polypharmacy. These issues can only be addressed with 
development of infrastructure, capacity and expertise in 
ageing research. Commonly used research methodologies 
must be adapted to take account of frailty, cognitive 
impairment and functional dependency.
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Introduction

Widespread population ageing is a global phenomenon driven 
by changes in life expectancy and declining fertility. Although 
historically a problem of higher income countries, it now affects 
all parts of the world, with the most rapid population ageing 
now occurring in lower- and middle-income countries (LMICs).1 
By 2050, the number of people aged 60 years or over in LMICs is 
expected to increase more than two-fold, from 652 million to 1.7 
billion, whereas higher income countries are projected to see a 
38% increase over that period.2

Lay media commentaries tend to catastrophise global ageing 
as a ‘silver tsunami’, where the increased number of older people 
is seen as contributing to increasing dependency ratios and an 
epidemic of frailty that could overwhelm social security, and 
health and social care systems.3 There is evidence that economic 
and care system reform will be necessary to meet the needs of 
an ageing population, but there is also an important counter-
narrative about the role that older people can and should play in 
society by remaining economically active for longer, volunteering 
or caring for family members.4,5

The research agenda around ageing and frailty could be seen 
as having two main components: understanding and responding 
to opportunities and challenges posed by an aged population, 
and understanding the ageing process to maximise positive 
aspects and mitigate negative impacts. Research into ageing 
has historically faced significant underinvestment by comparison 
with other fields, and attention must be paid to developing the 
infrastructure required to support research under both these 
headings if we’re to make global ageing a human success story.6

Understanding and responding to opportunities and 
challenges posed by an aged population

Clinicians most often approach ageing from the perspective of 
increasing prevalence of frailty in clinical populations and how 
this influences clinical care. Emergent frailty in older populations 
shaped the origin story for geriatric medicine and has continued 
to influence its development and delivery since.7,8 Initial ‘black-
box’ randomised controlled trials (RCTs) to build an evidence 
base for Comprehensive Geriatric Assessment (CGA) have been 
followed by serial meta-analyses, qualitative studies and reviews 
to understand its ‘active ingredients’.9–15 More focused studies 
have gone on to evaluate variants of CGA after traumatic fracture, 
perioperatively, in those with delirium and dementia, and in the 
context of Hospital at Home.16–19

Further trials of CGA are almost certainly only justified where 
the clinical population is different in some way from those in 
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which it has already been shown to work. Re-evaluating CGA in 
every clinical context where older people appear is unlikely to be 
an effective use of resource. There remain, however, important 
questions about implementation.20 Recent work looking at 
implementation of CGA in UK care homes found the language 
and conceptual framework of CGA to be alienating for some 
community-based practitioners, not least because some of 
the ‘active ingredients’ in CGA are already present and widely 
deployed in community settings.21 There is similar overlap 
with principles of good palliative care.22 Adherence to a strict 
mantra of CGA as a ‘plug and play’ intervention therefore could 
stifle evidence-based care of older people in some settings. 
Research-based approaches to understanding the context 
of implementation (such as the Consolidated Framework for 
Implementation Research (CFIR) or Promoting Action on Research 
Implementation in Health Services (PARIHS) frameworks) have 
much to offer, as do more nuanced approaches to interpreting 
the real-world application of evidence, such as realist synthesis 
and evaluation (describing what works, for whom and under what 
circumstances).23–26

This phase-shift to implementation science in CGA, rather than 
simply testing its effectiveness over and over, might be seen 
as news by some geriatricians but, in reality, many of the most 
important gains in care of older people have been made by the 
context-sensitive implementation of evidence-based approaches 
developed by other disciplines. The impact of cataract surgery on 
mobility and falls, improved outcomes following hip replacement 
in even the most disabled patients, and extension of cancer 
therapies into older populations have all been characterised 
by adaptation and modification of existing approaches, with 
attention to quantifying clinical benefit in older populations with 
or without recourse to RCTs as needed.27–30 Continually appraising 
the medical literature for emerging therapies that may require 
modification to work in older people, some of whom are frail, then 
choosing the appropriate research approach to evidence and 
support clinical impact, is likely to remain an important component 
of research into ageing.

The common presenting features of illness in older adults and, 
therefore, foundation of geriatric medicine were memorably 
described by Bernard Isaacs as ‘geriatric giants’: cognitive 
impairment, incontinence, immobility and instability.31 Research 
into care for older people continues to be defined in some 
parts by ongoing research into syndromes common in later life. 
Clinical research into falls and bone health interventions has 
been particularly successful, with evidence that multifactorial 
interventions can reduce falls and fracture risk.32 This part of 
the ageing research agenda has now matured to the point 
where questions largely relate to nuances about how to 
implement evidence-based approaches, or how to adapt them 
in light of emerging technologies or new evidence from basic 
science (subtending the sarcopenia agenda discussed later).33 
Pharmacological treatments for those with established dementia 
or cognitive impairment have been the focus of considerable 
research effort but have hitherto not demonstrated significant 
disease-modifying effects, although they have shown some 
impact on cognitive and non-cognitive symptoms, and carer 
burden.34,35 Research into stopping or minimising antipsychotic 
prescribing in the context of dementia, most of which has shown 
little or no harm, has encouraged much more critical and cautious 
approaches to prescribing such drugs.36 Non-pharmacological 
interventions in dementia continue to be advocated on the basis 

of clinical experience and the recognition that pharmacological 
approaches offer little but the evidence base for such interventions 
is underdeveloped and principles of experimental psychology 
have much to offer here.37,38 By systematising and understanding 
what works, and when, in dementia care, it’s likely that ever more 
individualised, nuanced and effective care can be delivered in a 
more systematic way. Cohort and interventional studies in other 
neurodegenerative diseases (such as Parkinson’s disease) have 
tended to exclude older people by design.39 Failure to consider 
comorbid conditions, the physical demands of multiple site visits 
and the impact of lengthy outcome assessment measurements 
have limited the feasibility of such work in those with significant 
frailty. Disease-related fatigue, apathy, cognitive impairment, 
motor fluctuations and the regular necessity for ‘off’ medication 
state assessments all need to be better integrated into the fabric 
of trial design if the most vulnerable people with Parkinson’s 
disease are to be included in research. Finally, continence research 
in older people remains a largely underexplored area, with 
faecal incontinence being particularly affected by a paucity of 
evidence.40

Age is, at best, a proxy for clinical vulnerability and risk, as any 
geriatrician faced by the question, ‘How old do you need to be 
to see a geriatrician?’ will tell you. The emergence of frailty as 
measurable phenomenon (whether as the phenotypic outcome 
of a cascade of homeostatic decompensation or as a more 
straightforward count of accumulated deficits) has provided a 
more robust way to categorise populations according to risk.41,42 
The emergence of electronic versions of frailty indices that can be 
embedded in healthcare databases provides the opportunity for 
big data approaches that can enable us to better understand how 
older people interact with, and benefit from, health and social care 
in later life.43 This will underpin the implementation agenda as 
described earlier. Frailty better approximates clinical vulnerability 
than age, but it remains a syndromic description of multi-system 
decompensation, and thus an imperfect expression of its 
underlying components.44 It may, over time, become less relevant 
as we understand in greater detail, and are better able to measure, 
how function declines across multiple body systems as we age.

Research into ageing

Understanding the fundamental biological mechanisms that 
underpin the ageing process, provides opportunities to maximise 
independence and participation, and minimise disability. Life-
course perspectives of ageing (that decisions and events occurring 
throughout the lifespan influence ageing processes) have long 
held sway in the social sciences.45 Increasingly, data from a range 
of biomedical studies have reinforced this. Epigenetic studies have 
highlighted how maternal decisions influence successful ageing 
in offspring, while longitudinal cohort studies have outlined the 
impact of adolescent and mid-life exposures on ageing.46,47

Research that identifies why, how and when changes begin that 
later go on to define the frailty state is now a key focus of research 
into ageing, with particular focus on key ageing syndromes, for 
example, sarcopenia and cognitive impairment.

Sarcopenia refers to the age-related loss of muscle strength 
and mass seen with advancing age.48 Although recognised for 
centuries, it has been operationalised as a diagnosis only over 
the last decade or two. Sarcopenia is common, with 5%–10% 
of over 65-year-olds affected and with much higher rates in care 
home and hospital populations.49 Its critical importance is as a 
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key component of the physical frailty syndrome, and as a major 
contributor to fall risk, increased length of hospital stay, need 
for care and earlier death.50 As with many ageing syndromes, 
the aetiology is complex and multifactorial. Epidemiological 
studies have shown strong associations between multiple 
long-term conditions and sarcopenia.51 Advances in discovery 
science have highlighted a range of fundamental biological 
processes implicated in sarcopenia including inflammation, 
cellular senescence, mitochondrial dysfunction, neuromuscular 
junction dysregulation, metabolic dysregulation and disrupted 
paracrine and endocrine signalling.52,53 These advances provide 
multiple targets for nutritional and pharmacological candidate 
interventions, either to improve sarcopenia directly or to augment 
the effect of resistance exercise training, which is the only 
intervention shown unequivocally to improve muscle strength and 
mass in older people with sarcopenia.49

Cognitive impairment and dementia are the end stage of a 
series of pathophysiological changes that begin in the brain 
in early life. The cellular and end-organ changes that lead in a 
stepwise fashion to each of the common dementia syndromes 
(Alzheimer’s dementia, vascular dementia, Lewy-body disease and 
frontotemporal dementia) are increasingly well understood and 
are being investigated as putative targets for pharmacological and 
non-pharmacological interventions.37,54,55 Epidemiological studies 
suggest that many of the changes associated with increased risk 
of dementia correlate with exposures and accumulated deficits 
in early or later life: hypertension, hearing impairment, smoking, 
obesity, depression, physical inactivity, diabetes, social isolation, 
poor education, alcohol consumption, traumatic brain injury 
and air pollution.37 Drugs with anticholinergic burden are likely 
to fuel underlying neurochemical deficiencies and negatively 
impact cognitive outcomes.56 Identifying these associations 
enables researchers to focus on interventions that could either 
modify exposures or direct pharmacological strategies towards 
pathophysiological mechanisms which mediate cellular damage 
and cognitive decline.

Progress in understanding the physiological and 
pathophysiological processes underpinning ageing, with 
sarcopenia and cognitive decline being important examples, has 
opened up a field of interest around senolytic and senostatic 
drugs, which are viewed as having potential to abort or slow the 
ageing process, respectively. Several of these medications, which 
target one or more molecular target associated with cellular 
ageing, have shown efficacy in preclinical trials. Human studies 
are currently evaluating their impact on long-term conditions and 
also how ageing attenuates response to acute illnesses including 
infection.57,58

Understanding of fundamental biology and the aetiology 
of ageing, and the way in which this influences vulnerability to 
disease, is also the most likely route to improve our understanding 
and management of multiple long-term conditions (MLTC). MLTC 
(defined as two or more chronic medical conditions) affect the 
majority of older people, and pose major challenges of symptom 
and treatment burden.59 Their presence drives polypharmacy 
with its attendant side effects and prescribing cascades, and both 
outcomes and satisfaction with healthcare are low for people 
living with MLTC.60 The current chief medical officer of England 
highlights MLTC as one of the great challenges that health 
systems are failing to meet.61

One area of promise with regard to combatting polypharmacy 
is the field of pharmacogenetics. The use of pharmacogenomic 

testing as a decision support tool could potentially identify 
individual patients at risk of medication-related adverse effects, 
inform dosing and increase the chance of treatment response. 
This could help with medication selection and help with patient 
outcomes, although further research is needed to understand 
how best to implement such testing into clinical contexts.62 As 
an example, emerging data suggest that genetic variation in 
cytochrome P450 enzymes contributes to heterogeneity in the 
clinical effectiveness and side-effects of antidepressants.63 
Further developments in pharmacogenomics could enable a more 
individualised approach to older people, maximising efficacy and 
minimising medication-related adverse effects.

Developing capacity in ageing research

Ageing challenges methods widely deployed in clinical research.64 
Cognitive impairment and physical frailty influence both 
concordance and response rates, and introduce floor and ceiling 
effects on outcome measures that are widely deployed in younger 
populations. MLTC introduce confounding so that relationships 
between interventions and outcomes need more careful 
unpicking. Studies in long-term care facilities can be impacted by 
cross-contamination, which mean that cluster randomisation is 
required.65 Long-term care also often operates in the grey space 
between social care and healthcare and this can challenge both 
research governance and enlisting the support of the relevant 
professional constituencies.66 The vulnerability of many older 
people means that the case for research equipoise needs to be 
carefully made if investigations are to be ethically tenable. All of 
these issues require investment in people to develop expertise in 
designing and delivering research for older people, and a number 
of initiatives are underway to train the next generation of clinical 
academics and local investigators across all professions to support 
research for older people.6,67 Research infrastructure including 
National Institute for Health Research (NIHR) Biomedical 
Research Centres (the Newcastle centre specialises in ageing 
research), the NIHR Applied Research Collaboratives and the NIHR 
Ageing Clinical Research Network are key to building this training 
capacity. The NIHR School for Social Care Research has a remit 
around building capacity in social care research. A key goal from 
NIHR must be integrating the research outputs from its social and 
healthcare workstreams and that these don’t simply take place in 
parallel.

Historically, the difficulty of recruiting older people meant 
that enrolling representative older populations was avoided and 
put in the ‘too difficult’ pile.64 This continues to be the case in 
some instances; for example, although SARS-COV-2 vaccination 
studies were sometimes conducted in older cohorts, they did 
not include older people with MLTC and advanced frailty who 
were most likely to be adversely affected by COVID-19.68 The 
ensuing debates in some countries about whether older people 
could benefit from vaccination and even whether it was ethical 
to administer it to them were a stark reminder of how a lack 
of data can reinforce ageist tropes.69 Emerging evidence from 
countries where vaccination in such groups was prioritised have 
demonstrated effectiveness.70 Future exclusion of older people 
with frailty and multimorbidity from clinical trials will further 
reinforce structural ageism and result in them being denied 
treatments from which they could stand to benefit. In parallel, 
while excluded from trial participation, they remain exposed to 
relatively unquantified harms from interventions being delivered 



e240� © Royal College of Physicians 2021. All rights reserved.

Adam Gordon, Miles D Witham, Emily J Henderson et al

on the basis of extrapolated evidence of efficacy in younger, more 
robust and physiological resilient populations. The NIHR INCLUDE 
project has catalysed work to improve inclusion of under-served 
groups (including older people, those living with MLTC, those 
with cognitive impairment and who live in care homes) into 
clinical research through a series of guidelines, training initiatives, 
engagement with regulators and funders, and context-specific 
tools to help researchers design and deliver more inclusive research 
(Fig 1).71 For older people, this requires embracing the complexity 
that accompanies MLTC, with pragmatic inclusion and exclusion 
criteria. Equally important is fitting the research to the participant, 
not the participant to the research. Suitable approaches include 
provision of transport, conducting visits in participants’ homes, 
simplifying and enlarging information sheets, reducing the 
length and burden of outcomes visits, recognising that older 
ethnic minority populations do not always have English as a first 
language, and enabling participation for those unable to consent 
for themselves.72

Considered recruitment strategies are essential if the conclusions 
drawn from research are to be meaningful to the population 
who are living with the condition under study. In fundamental 
research into ageing, the physiology and pathology of becoming 
older cannot be understood by focusing on healthy volunteers 
alone. An example is how muscle mass and quality indices 
developed in heathy volunteers can have limited utility in clinical 
populations which are similar in chronological age, because of 
markedly diminished muscle mass in clinical cohorts.73 Clinical 
trials for hypertension offer an example where there has been 
a focus on recruiting healthy older people with consequent 
lack of generalisability to clinical cohorts. Even when the mean 
age in trials is high, the populations studied are much healthier 
than typical patients seen in clinic. The results, therefore, do not 
tell us anything about the balance between benefit and risk of 
antihypertensives in older people living with frailty or dementia; 
the groups where therapeutic uncertainty is highest.74

The technical expertise to deliver studies for older people 
is developing apace. A useful example of how these can be 
usefully deployed comes from the PROTECT-CH platform trial 
for prophylaxis of COVID-19 in care homes for older people.75 
The suite of measures adopted includes use of linked routine 
datasets to record outcome measures and minimise data burden 
on participants; remote video-consenting to maximise access to 
consultees to optimise inclusion of those who lack capacity to 
consent; use of validated proxy measures for subjective outcomes 
such as quality of life in those with dementia; use of cluster 
randomisation to account for contamination within treatment 

arms; and a pragmatic approach to adherence and outcome 
measurement designed to accommodate the limited capacity of 
care home residents to follow protocols. PROTECT-CH is designed 
as a potential future platform for RCTs of investigational medicinal 
products (IMPs) in older people with frailty who live in care homes. 
As such, it has had to develop approaches to consent, research 
governance and indemnity in the context of IMP trials for the first 
time in UK care homes. This highlights the importance of investing 
in such infrastructure projects to build the necessary technical and 
governance expertise to overcome the complexity of trials in older 
people.

Novel and innovative application of trial methodologies may be 
complemented by improved collection and collation of real-world 
clinical data which, coupled to artificial intelligence and machine 
learning approaches, could shed new light on associations 
between exposures and outcomes. The equipoise around 
management of hypertension in older people with advanced 
frailty, as described earlier, is one area where such approaches 
have promise.76

Conclusion

Delivering research evidence that is relevant to the needs of older 
people and the health and social care systems that care for them 
requires a full-spectrum approach, from discovery science to 
implementation. At present, the quantity of research focused on 
the needs of older people is not commensurate with either clinical 
need or clinical service delivery. However, recent advances in the 
biology of ageing, and investment in building the infrastructure 
and people needed to design and deliver research for older people 
mean that the stage is set for rapid growth in translational and 
applied ageing research. These advances, together with a growing 
realisation by funders and policymakers that ageing research is 
critical to the future health and wealth of countries, now need to be 
combined to transform health and care for all of us as we age.77 ■
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